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GEOLOGY OF THE MARIETTA MINE AND ADJACENT AREA,
ELKHORN MOUNTAINS, BROADWATER COUNTY, MONTANA
A b stra c t
The M a rie tta  mine (g o ld , s i l v e r ,  and m inor lead ) i s  lo c a te d  in  
the  E lkhorn M ountains, 15 m iles northw est of Townsend, Montana* The 
Slim  Sam form ation  (upper C retaceous a g e ) , composed of sed im entary  
tu f f s  and san d sto n es, i s  p re s e n t in  th e  southw est p a r t  o f th e  a re a  
mapped. The h o s t rocks fo r  the ore are  th e  upper C retaceous E lkhorn 
M ountains v o lc a n ic s , which a re  a th ic k  s e r ie s  of in te rb ed d ed  a n d e s i t ic  
flo w s, b re c c ia s ,  and conglom erates. S ix  sm all in t ru s iv e  bod ies com­
posed of quartz  d i o r i t e ,  d i o r i t e  porphyry , q u a rtz  d io r i t e  porphyry , 
and b io t i t e - a u g i t e  porphyry a re  p re se n t w ith in  th e  a re a .
P ro p y l i t ic  a l t e r a t io n  of the  vo lcan ic  rocks i s  in te n s e .  B leach­
ing  and s i l i c i f i c a t i o n ,  ex tending  up to  8 f e e t  from th e  v e in s , i s  
superimposed on the  p ro p y li t iz e d  w all ro ck .
The major vein  in  th e  M a rie tta  mine occurs in  a northw est 
tre n d in g , shallow  southw est d ip p in g , f a u l t .  This ve in  has been exp lo red  
about 2500 f e e t  a long s t r ik e  and 7^0 f e e t  down d ip . Ore w idths up to  
9 f e e t  a re  p re se n t in  a reas  where th e  d ip  of th e  ve in  d ecreases  below 
the  average.
The dominant ve in  m inerals a re  p y r i te ,  a rs e n o p y r ite , q u a r tz ,  and 
c a rb o n a te s . The p a ra g en e tic  sequence i s :  (1) q u a r tz , (2) p y r i t e ,
(3) a rs e n o p y r ite , (h) s p h a le r i te ,  (5) c h a lc o p y r ite , (6) c u b a n ite (? )  
and te n n a n t i te ,  (?) a rg e n tife ro u s  g a le n a , (8) carbonates ( s i d e r i t e ,
v i
a n k e r i te ,  and m anganoca lc ite ), (9) l a t e  q u a r tz , p y r i t e ,  and c a i d  t e ,
(10) n a tiv e  g o ld . M ic ro -fra c tu re s  i n  p y r i t e ,  a rs e n o p y r ite , and q u a rtz  
a re  the  h o st m inera ls  f o r  m icroscopic g ra in s  of g o ld .
V e r tic a l  zonation  of the carbonate  m inera ls  ( s i d e r i t e ,  a n k e r i te ,  
and m anganocalcite) r e f l e c t s  an in c re a s in g  tem perature  g ra d ie n t downward, 
S id e r i te  i s  r e s t r i c t e d  to  th e  lower le v e ls  whereas a n k e r i te  and mangano­
c a lc i t e  a re  confined  to  th e  upper le v e ls  of the mine.
Phase s tu d ie s  of the  Fe-As-S system  give a maximum tem peratu re  
during  p y r i t e -a rs e n o p y r ite  d ep o s itio n  o f L91 /  12°C a t  1 b a r c o n fin in g  
p re s su re .
The most prom inent a reas  f o r  fu tu re  e x p lo ra tio n  a r e ;  ( l )  l a t e r a l  
ex ten sio n s of the  M a rie tta  ve in  on the  No. L le v e l ;  (2) ex ten sio n s a t  
depth of bo th  the  M a rie tta  and Gold Dust v e in s ; and (3) n o r th e r ly  ex te n ­
sions of th e  M arie tta  ve in  on th e  su rfa c e .
v i i
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L ocation  and A c c e s s ib i l i ty
The M a rie tta  mine and th e  surrounding  a re a  i s  lo c a te d  a p p ro x i­
m ately  15 m iles no rthw est o f  Townsend, Montana in  T. 7 N ., R. 1 W., 
Broadwater County, Montana (F igure  1 and P la te  l )  • This a re a  i s  p a r t  
o f the  e a s te rn  f la n k  o f th e  E lkhorn M ountains, which extend eastw ard  to  
th e  Townsend V a lley . To th e  northw est th e  Elkhorn M ountains merge in to  
th e  B oulder M ountains. The Boulder R iver marks th e  southw est edge o f 
th e  range and th e  k6^ p a r a l l e l  delimits th e  sou thern  e x te n t  (F igu re  l ) .  
Access to  th e  mine and th e  surrounding a re a  i s  by th e  In d ian  Creek road 
(F igu re  1) which i s  m ain tained  throughout the  y e a r . An a l t e r n a te  ro u te  
i s  a v a ila b le  by fo llow ing  th e  Beaver Creek ro ad , sou th  o f W inston, 
Montana, to  i t s  confluence w ith  Weasel Creek, then  fo llo w in g  W easel 
Creek to  i t s  source and c ro ss in g  th e  d iv id e  in to  th e  a rea  mapped (F ig ­
ure 1 ) .  This ro u te  i s  n o t m ain tained  th roughout th e  y e a r .
Purpose o f th e  In v e s t ig a tio n
The main o b je c tiv e  o f t h i s  in v e s tig a t io n  i s  to  make th e  f i r s t  
d e ta i le d  study  o f th e  geology o f th e  M a rie tta  mine and surround ing  a re a s .  
A f u r th e r  o b je c tiv e  i s  to  understand  th e  n a tu re  o f m in e ra liz a tio n  in  
t h i s  a re a . I t  i s  hoped th a t  t h i s  study  w i l l  f a c i l i t a t e  fu tu re  ex p lo ra ­
t io n  w ith in  th e  M a rie tta  mine and a d ja c e n t a re a s .
INTRODUCTION 
L ocation  and A c c e s s ib i l i ty
The M a rie tta  mine and th e  surrounding  a re a  i s  lo c a te d  a p p ro x i­
m ately  15 m iles no rthw est o f  Townsend, Montana in  T . 7 N ., R. 1 W., 
Broadw ater County, Montana (F igure  1 and P la te  l )  • T his a re a  i s  p a r t  
o f th e  e a s te rn  f la n k  o f  th e  E lkhorn M ountains, which ex tend  eastw ard  to  
th e  Townsend V a lley . To th e  no rthw est th e  E lkhorn M ountains merge in to  
th e  B oulder M ountains. The B oulder R iver marks th e  southw est edge of 
th e  range and th e  k6^ p a r a l l e l  d e lim its  th e  sou thern  e x te n t  (F igu re  l ) . 
Access to  th e  mine and th e  surrounding  a re a  i s  by th e  In d ian  Creek road  
(F igure  l )  which i s  m ain tained  th roughou t th e  y e a r . An a l te r n a te  ro u te  
i s  a v a i la b le  by fo llow ing  th e  Beaver Creek ro ad , sou th  o f  W inston, 
Montana, to  i t s  confluence w ith  Weasel Creek, th en  fo llo w in g  W easel 
Creek to  i t s  source and c ro ss in g  th e  d iv id e  in to  th e  a re a  mapped (F ig ­
ure l ) .  This ro u te  i s  no t m ain tained  th roughou t the  y e a r .
Purpose o f th e  In v e s t ig a tio n
The main o b je c tiv e  o f t h i s  in v e s t ig a t io n  i s  to  make th e  f i r s t  
d e ta i le d  study  o f th e  geology o f th e  M a rie tta  mine and surround ing  a re a s  
A f u r th e r  o b je c tiv e  i s  to  understand  th e  n a tu re  o f m in e ra liz a tio n  in  
t h i s  a re a . I t  i s  hoped th a t  t h i s  study  w i l l  f a c i l i t a t e  fu tu re  e x p lo ra ­
t io n  w ith in  th e  M a rie tta  mine and a d ja c e n t a re a s .
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F igure  1 , Sketch map of th e  E lkhorn M ountains and 
a d ja c e n t a re a .
P rev ious Work
Reconnaissance geo log ic  s tu d ie s  and m in e ra l d e p o s its  i n v e s t i ­
g a tio n s o f th e  a rea  d escrib ed  in  t h i s  paper have been made in  th e  p a s t .  
The e a r l i e s t  geo log ic  work was done by Stone (1911, p . 7?~98) in  a 
m inera l exam ination and reconnaissance  geo log ic  mapping p ro je c t  of the 
E lkhorn M ountains. Knopf (1913, P* l - lh 3 )  s tu d ie d  the ore d e p o s its  o f  
th e  Helena m ining reg io n  which l i e s  to  th e  w est and no rthw est of th e  
M a rie tta  a re a . B i l l in g s le y  and Grimes (1915, P* 31-56; 1913, p . 28U-
368) s tu d ie d  the  Boulder b a th o l i th  and surrounding a re a , in c lu d in g  th e  
m in era l d e p o s its .  The study  encompassed th e  M a rie tta  mine area^ how­
e v e r , th e  re g io n a l geology was no t s tu d ie d  in  d e t a i l  and th e  M a rie tta  
mine was in a c c e s s ib le .  Corry (1933, P* 1-L5) did  a reconnaissance  s tudy  
on th e  gold d e p o s its  of B roadw ater, B eaverhead, P h i l l i p s ,  and Fergus 
c o u n tie s . Pardee and S chrader (1933, P* 1-318) in c lu d ed  th e  M a rie tta  
a re a  in  t h e i r  study  of th e  G re a te r  Helena reg io n .
The most e x ten siv e  p rev ious study  of the  M a rie tta  mine was done 
by Reed (1951, P* 1-62) b u t th is  work was c u r ta i le d  c o n s id e ra b ly  by 
in a c c e s s ib i l i ty  of most of th e  m ine. K lepper, Weeks, and Ruppel (1957, 
p . I - 82) mapped the  geology of the  sou thern  E lkhorn M ountains and in v e s ­
t ig a te d  th e  ore d e p o s its  in  th a t  a re a .  T h e ir paper i s  drawn upon 
e x te n s iv e ly  in  th e  d isc u ss io n  of the  r e la t io n s h ip s  o f th e  v o lcan ic  
rocks common to  bo th  a re a s .  R egional g e o lo g ic a l mapping, which in c lu d ed  
the  M a rie tta  a re a , was done by th e  U. S. G eo log ica l Survey du ring  the  
summer o f 1958. At th e  p re se n t tim e , however, geo log ic  maps of th e  a re a  
a re  n o t a v a i la b le  (K lepper, 1960 , w r i t te n  com m unication). In  1959
u
Sahinen (p . 129-UbO) compiled p u b lish ed  in fo rm a tio n  on th e  m in e ra l 
d e p o s its  o f th e  Helena m ining re g io n . P erso n n e l o f s e v e ra l  m ining com­
p an ies  have s tu d ie d  th e  mine b u t no re p o r ts  have been p u b lish ed  and th e  
r e s u l t s  o f th ese  in v e s t ig a t io n s  a re  n o t a v a i la b le .
P re se n t Study
F ie ld  work was conducted during  June th rough  August of I960 . 
A pproxim ately $0 days were sp e n t in  th e  f i e l d ,  th re e  weeks o f which 
was spen t mapping su rfa c e  geology and the  rem ainder in  c o l le c t in g  d a ta  
and samples from underground w orkings.
G eologic d a ta  were p lo t te d  on a e r i a l  photographs having a s c a le  
of 1 :2 0 ,0 0 0 . A M issouri B asin  P ro je c t  topog raph ic  map w ith  a sc a le  of
1 : 20,300  and 20- fo o t  contour in te r v a ls  was used in  con ju n c tio n  w ith  th e
a e r i a l  pho tographs. T raverses were made along a l l  of th e  r id g e s  and 
most of the  stream  beds in  th e  area  mapped. L ith o lo g ie  c o n ta c ts  were 
walked out in  a l l  c a se s .
The geology of the  underground workings of the M a rie tta  mine was 
p lo t te d  on N orthern  M illin g  Company le v e l  maps w ith  a s c a le  o f 1 inch  
equals ÇO f e e t .  A re p re s e n ta t iv e  s u i te  of ore and w a ll rock was ob­
ta in e d  by sy s tem atic  sam pling along d r i f t s ,  c ro s s c u ts , and s to p e s . A ll
o f th e  a c c e s s ib le  underground workings were mapped and sam pled. P a r ts
of th e  upper le v e ls  and some of the  r a is e s  and stopes were in a c c e s s ib le  
due to  caving o r waste f i l l i n g .
L abora to ry  in v e s tig a t io n s  during  the  f a l l  and w in te r  o f I 96O -I96I  
invo lved  th e  fo llo w in g : (1) p é tro g ra p h ie  s tudy  of 3^ th in  s e c tio n s  o f
the  v a rio u s  rock types in  the  a re a , w ith  modal an a ly ses  o f s ix  o f th ese
5
th in  s e c t io n s ,  (2) m icroscopic  study  of 30 p o lish e d  s e c t io n s  of ve in  
m in e ra ls , (3) b in o c u la r  m icroscope study  o f about 120 ore samples and 
50 rock  sam ples, (1|) X -ray d if f ra c to m e te r  a n a ly s is  of a s u i te  of c a r ­
bonate m inera ls  from th e  M a rie tta  v e in , (5) a s te re o g ra p h ic  a n a ly s is  of 
272 s t r ik e s  and d ip s ob tained  from j o in t s ,  (6) an a n a ly s is  of th e  ve in  
s t ru c tu re  by c ro s s - s e c t io n a l  s tu d ie s ,  (?) photom icrography o f s e le c te d  
m in e ra lo g ica l r e la t io n s h ip s  in  p o lish ed  and th in  sec tio n s*
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D rainage and Topography
The e a s te rn  h a lf  of th e  a re a  mapped i s  d ra in ed  by th e  E as t Fork 
of In d ian  Creek and i t s  t r i b u t a r i e s .  The M a rie tta  mine i s  s i tu a te d  in  
a sm all b a s in  n ear th e  head of In d ian  C reek. The sou thw estern  p a r t  of 
the  a rea  i s  d ra in ed  by Eureka and Eagle C reeks, t r i b u t a r i e s  of Crow 
Creek. A sm all p o r tio n  of th e  n o rth e rn  p a r t  of the  a rea  d ra in s  in to  
White Horse Creek (P la te  1 ) .  W ater fo r  m ill in g  purposes i s  ob ta ined  
from In d ian  Creek and from the  mine. Springs a re  abundant th roughout 
the  a re a .
There i s  a maximum topographic  r e l i e f  of 2600 f e e t  w ith in  the 
a re a  mapped. The h ig h e s t p o in t i s  near the  no rthw est co m er of the  
a re a , where the  e le v a tio n  i s  8660 f e e t  (P la te  l ) .  Most of the  r id g e  
tops a re  rounded by e ro s io n . Massive ou tcrops form ing c l i f f s  up to  100 
f e e t  h ig h , gulches p o ssess in g  s te ep  w a lls , and ta lu s  s lo p e s  a re  common 
throughout the  a re a .
C lim ate and V egeta tion
The average annual p r e c ip i t a t io n  in  th e  Townsend V a lle y , a d ja ­
c en t to  the  e a s t  s id e  of the  a rea  mapped, i s  about 11 in c h e s . 
Mountainous a re a s  w est o f th e  v a lle y  re c e iv e  s l i g h t ly  more p r e c ip i t a ­
t io n .  The tem perature  range i s  c h a r a c te r i s t i c  of the  N orthern  Rocky 
Mountain physiog raph ic  p ro v in ce . This p rov ince  has a c o o l-tem p e ra te , 
se m i-a rid  c lim a te .
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Timber in  t h i s  a re a  c o n s is ts  c h ie f ly  o f c o n if e r s .  The h e a v ie r  
s tands of tim ber a re  confined  to  th e  n o rth  s lo p es whereas th e  sou th  
s lo p es a re  on ly  m oderate ly  tim bered  o r g rass-c o v e re d  (F igu re  2 ) ,  Sm all 
n a tu ra l  c le a r in g s  in  th e  tim bered a reas  a re  common th roughou t th e  a re a . 
Most o f th e  tim bers u t i l i z e d  in  mining in  th e  reg io n  a re  o b ta in ed  from 
the surrounding  s lo p e s .
MINING HISTORY
In  186U p la c e r  gold was d iscovered  in  C onfederate  G ulch, about 
15 m iles n o r th e a s t  of th e  M a rie tta  mine. This d isco v ery  encouraged 
p ro sp e c tin g  in  surrounding a re a s  and in  186? a u r ife ro u s  g ra v e ls  were 
washed on the low er reaches of In d ia n  C reek . S h o rtly  th e r e a f t e r ,  p r i ­
mary m in e ra liz a tio n  was d iscovered  in  the  M a rie tta  a re a .  During the  
p e rio d  I 88O -I906 th e  M a rie tta  mine a rea  was in te n s e ly  p ro sp ec ted  and 
developed. At th is  time th i s  a rea  was known as the  P ark  m ining d i s ­
t r i c t .  (Reed, 1951, p . U8-U9). The town of Mason was lo c a te d  in  th e  
v ic in i ty  of th e  M a rie tta  mine during  th i s  p e rio d  and remanents of numer­
ous b u ild in g s  a re  s t i l l  p re s e n t .
During th e  p e rio d  1906-1951 th e  M a rie tta  mine was o p era ted  
in te r m i t te n t ly  f o r  i t s  gold  co n ten t (Reed, 1951» p . h 9 ) • A p e rio d  of 
sm a ll-sc a le  o p e ra tio n s  continued  from 1951 to  1958• In  1958 N orthern  
M illin g  Company acqu ired  the  p ro p e rty  and a c t iv e  m ining and e x p lo ra tio n  
work was i n i t i a t e d  and i s  con tinu ing  a t  the p re s e n t  tim e . In  1959 a 
200-ton p e r day s e le c t iv e  f lo ta t io n  m ill  was e re c te d  on th e  p ro p e r ty  to  
co n cen tra te  ore from th e  mine. On December 7, I960 , the  Departm ent of 
I n t e r i o r  announced th e  approval o f a loan  to  N orthern M illin g  Company 
f o r  a le a d -z in c  e x p lo ra tio n  program (Engin, and Mining J o u r . , I 96I ,  
p . 130) .  At th e  p re s e n t  tim e t h i s  e x p lo ra to ry  work i s  in  p ro g re s s .
Shallow , ox id ized  ore produced about $1 m ill io n  in  the  Park and 
a d ja c e n t H assel d i s t r i c t  p r io r  to  1930 (Wade, I 96O, p . 39) .  R e lia b le  
f ig u re s  on th e  M a rie tta  v e in  a re  n o t a v a i la b le  b u t th e  t o t a l  p ro d u c tio n  
up to  1956 was valued  a t  about $500, 000 .
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GENERAL GEOLOGY 
S tra tig ra p h y
Sedim entary rocks
Sparse ou tcrops of an incom plete s e c tio n  of th e  Slim Sam 
fo rm ation  a re  p re s e n t  near th e  southw est co rn e r of th e  a re a . The e a s t  
boundary of the  map a rea  was a r b i t r a r i l y  p laced  on th e  c o n ta c t between 
the  Slim  Sam fo rm ation  and th e  o v e rly in g  E lkhorn M ountains v o lc a n ic s  
(P la te  I |  F igu re  3 ) . According to  K lepper, Weeks and Ruppel (1957, 
p . 28- 29) ,  dark  sh a le s  of N iobrara  age grade upward in to  th e  Slim  Sam 
fo rm ation  (F igure  U) which c o n ta in s  upper C retaceous f o s s i l s .
In  the  a re a  mapped, th e  upper p a r t  o f th e  Slim  Sam fo rm ation  
c o n s is ts  of th re e  u n i ts  which a re  from bottom  to  to p ; (1) a g ray , 
medium-grained sedim entary  t u f f  composed c h ie f ly  of a n g u la r f e ld s p a r  
g ra in s  in  a q u a rtz  m atrix  w ith  m inor c o n s t i tu e n ts  c o n s is t in g  of m ica- 
cous m in e ra ls , rock fragm en ts , and opaque m in e ra ls , (2) a g ree n ish  gray, 
f in e -g ra in e d , t h in l y  bedded san d sto n e , and (3) a g ray  to  g ree n ish  g ray , 
f in e  to  medium-grained tu f f  composed of f e ld s p a r ,  q u a r tz ,  and dark  min­
e ra ls  in  a micaceous and c lay ey  m a tr ix . A g ra d a tio n a l c o n ta c t ,  c o n ta in ­
ing  an in c re ase  in  v o lcan ic  components, e x i s t s  between th e  Slim  Sam 
fo rm ation  and the o v e rly in g  Elkhorn M ountains v o lc a n ic s .
Exposures of the  g ra d a tio n a l c o n ta c t a re  p re s e n t on most of th e  
spu rs  along th e  sou thern  h a l f  of the  e a s t  boundary. P roceed ing  n o r th ­
ward, where topograph ic  r e l i e f  and d ip  of th e  beds d e c re a se , few ou tcrops 
a re  p re s e n t  and th e  c o n ta c t was mapped c h ie f ly  on f l o a t  ev id en ce .
K lepper, Weeks, and Ruppel (1957, P* 29-31) measured th re e  s e c tio n s  of
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the  Slim  Sam fo rm a tio n , in  th e  surrounding  a re a  and found a maximum 
th ic k n e ss  of 1182 f e e t .
The a t t i tu d e  of th e  Slim  Sam fo rm ation  was n o t observab le  in  th e  
southw est p a r t  of th e  a re a ;  however, to  th e  w est K lepper, Weeks, and 
Ruppel (1957, P la te  1) found th a t  t h i s  fo rm ation  g e n e ra lly  d ip s e a s t ­
ward. Along th e  so u th e a s te rn  b o rd e r of the  a re a  mapped th e  Slim  Sam 
fo rm ation  d ips about 25^ w est (P la te  I ;  F igu re  3)* P roceed ing  n o r th ­
ward th e  d ip  p ro g re s s iv e ly  d ecreases  to  n e a r h o r iz o n ta l  (P la te  l ) .
E lkhorn M ountains V olcanics
V olcanic ro c k s , c o n s is t in g  of a n d e s i t ic  f lo w s, v o lcan ic  b r e c c ia s ,  
cong lom erates, and t u f f s ,  o v e r l ie  th e  Slim  Sam fo rm a tio n  bo th  conform ably 
and unconform ably and a re  th e  m ajor rock type  in  the  a rea  mapped. In  
mapping to  th e  south  and w est of t h i s  a re a  K lepper, Weeks, and Ruppel 
(1957, p . 32-35) found th a t  th e  v o lcan ic s  a ls o  c o n ta in  l a p i l l i  t u f f ,  
welded t u f f ,  c ry s ta l  t u f f ,  b a s a l t  f lo w s, and some a n d e s i t ic  and r e l a te d  
hypabyssal in t ru s iv e  rocks th a t  were n o t d i s t in c t iv e  enough to  map as 
se p a ra te  u n i t s .
K lepper, Weeks, and Ruppel (1957, p . 31-32) named th ese  rocks the  
E lkhorn M ountains v o lcan ic s  and d esig n a ted  th e  a rea  where th ey  a re  found 
as th e  E lkhorn M ountains v o lcan ic  f i e l d .  These v o lc a n ic s  a re  known to  
e x i s t  d isc o n tin u o u s ly  from Townsend V alley  westward to  th e  Deer Lodge 
V a lle y , and from Helena southward to  the  J e f fe rs o n  R iv e r. The B oulder 
b a th o l i th  i s  in te r m i t t e n t ly  exposed th roughou t the  c e n t r a l  p o r tio n  o f 
the  v o lca n ic  f i e l d .
u
F ig u re  2: View from so u th e a s t c o rn e r o f map a re a  look ing  N. U5® W#
along  In d ian  C reek. The M a rie tta  mine (arrow ) i s  lo c a te d  in  th e  
c le a r in g  n ea r th e  head of In d ia n  Greek. Note th e  p a u c ity  of o u t­
c ro p s , v e g e ta t iv e  d if fe re n c e s  between n o rth  and sou th  fa c in g  s lo p e s ,  
and l in e a r  p a t te r n  o f In d ia n  Creek. The rid g e  in  th e  c e n te r  f o r e ­
ground i s  composed of th e  in t r u s iv e  a t  L o c a li ty  I I I  (P la te  I ) .
F ig u re  3: Due n o rth  view along  e a s t  b o rd er of th e  a re a  mapped.
Slim  Sam fo rm atio n  (K g )  d ip s 25^  W, and u n d e rlie s  th e  w est d ip p in g  
E lkhorn M ountains v o lca n ic s  (K^).
12
Southern  E lkhorn 
M ountains
R eference Sequence f o r  
W estern I n t e r i o r
H e ll Creek fo rm ation
Lennep sandstone 
Bearpaw sha le
o
Upper age l im i t  
u n c e r ta in
J u d i th  R iver fo rm ation-p
o
C lagget sh a le
E lkhorn M ountains 
v o lca n ic sEagle sandstone
Telegraph Creek fo rm ation
W iobrara fo rm ation Slim  Sam fo rm atio n  
Upper age l im i t  u n c e r ta in
o
F ig u re  U: G en era lized  s t r a t ig r a p h ie  s e c tio n  of w e s t-c e n tra l
Montana (M o d ifica tio n  of F ig u re  3 , K lepper, Weeks, and R uppel, 
1957, p . i i l ) .
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A th ic k n e ss  of more th an  $000 f e e t  of E lkhorn M ountains v o lca n ic s  
was mapped by K lepper, Weeks, and Ruppel and the  t o t a l  accum ulation  in  
and around th e  E lkhorn Mountains i s  thought to  be more than  10,000 f e e t  
(19$7f p . 31-37)• According to  th e s e  same au th o rs  the  v o lca n ic  rocks 
a re  d iv is a b le  in to  th re e  u n i ts  on th e  b a s is  o f gross l i th o lo g y .  In  th e  
a re a  of t h i s  study  th e  l i th o lo g y  o f the  v o lca n ic s  corresponds most 
c lo s e ly  to  th e  low er member; however, p a r t  of th e  m iddle member may 
be p resen t*  To th e  southw est the  low er member i s  in  th e  o rd er of 2000- 
2$00 f e e t  th ic k  (K lepper, Weeks, and Ruppel, 19$7, p . 3U-3$). The 
u n d erly in g  sedim entary  rocks found along  th e  e a s t  and w est s id e  of th e  
a re a  mapped a lso  in d ic a te  th e  p resence  o f th e  low est E lkhorn M ountains 
v o lca n ic  u n i t .  Thickness o f the  v o lca n ic s  in  th e  a rea  mapped was unde­
te rm in ab le  owing to  th e  la c k  of bedding . D i f f e r e n t ia t io n  of th e  
v o lca n ic s  on th e  b a s is  of l i th o lo g y  was u n su c ce ss fu l because of v a ria n ce  
in  l i th o lo g y  over s h o r t  d is ta n c e s  (o f te n  w ith in  one ou tcrop), p a u c ity  of 
o u tc ro p s , and the lack  of bedding in  th e  v o lc a n ic s .
Tuffs
T uffaceous rocks a re  p re v a le n t in  th e  a rea  mapped. They a re  
m assive in  ou tcrop  and w eather q u ite  r e a d i ly  in to  rubb ly  fragm en ts .
The tu f f s  a re  v a ric o lo re d  in  shades o f red , g reen , g ray , and brown. In  
hand specimen th e  t u f f s  c o n s is t  o f rock frag m en ts , f e ld s p a r ,  q u a r tz , and 
opaque m inera ls  in  an a p h a n itic  groundmass. S treak s  and c lo ts  of c la y  
m in era ls  and c h lo r i te  are  ev id en t in  some of th e  t u f f s .
I n  th in  se c tio n  th e  tu f f s  c o n s is t  o f a mixed aggregate  of c h lo ­
r i t e ,  c a l c i t e ,  a l te r e d  f e ld s p a r ,  s e r i c i t e ,  q u a r tz ,  h e m a tite , p y r i t e ,  
brownish to  g ray  a rg il la c e o u s  m in e ra ls , and g la ss  fragm ents.
Hi
C h lo r ite  and hem atite  appear to  be m ainly secondary , r e s u l t in g  
from com plete a l t e r a t i o n  of ferrom agnesian  m in e ra ls . H em atite o ften  
forms rim s around the e a r l i e r  ferrom agnesian  m in e ra l. P y r i te  i s  p re s e n t  
in  sm all amounts as an h ed ra l to  subhedral g ra in s  and u s u a l ly  i s  p a r ­
t i a l l y  ox id ized  to  u n id e n t i f ie d  i ro n  oxides o r hydroxides*
P la g io c la se  g ra in s  a re  m ostly  su b -an g u la r and up to  1*5 mm in  
diam eter* They a re  in te n s e ly  a l te r e d  to  s e r i c i t e ,  c la y  m in e ra ls , and 
c a lc i te *  The com position of th e  p la g io c la se  could n o t be determ ined , 
owing to  th e  i n te n s i ty  of th e  a l te r a t io n *
Quartz g ra in s  up to  1 mm in  d iam eter a re  ub iq u ito u s*  G lass i s  
p re s e n t  as fragm ents and as p a r t  o f the  m atrix  in  one th in  se c tio n  
examined. The g la ss  has been p a r t i a l l y  a l te r e d  to  c la y  m in e ra ls . Rock 
fragm en ts , observab le  in  hand specim ens, were not encountered  in  th in  
se c tio n s*
In  two th in  se c tio n s  of th e  tu ffac eo u s  ro ck s , sm all secondary  
v e in le t s  of q u a rtz  and c a lc i t e  were observed . A z e o l i t e  m inera l was 
a ls o  p re s e n t in  one of th e  v e in le ts*
P r o p y l i t iz a t io n ,  the  a l t e r a t io n  o f th e  a n d e s i t ic  flow s d esc rib e d  
in  a l a t e r  s e c t io n , appears to  predom inate in  th e  E lkhorn M ountains v o l­
can ic  tu f f s  examined by th e  a u th o r . This ag rees w ith  Moorhouse (1959> 
p* 229) who s t a te s  th a t  a l t e r a t io n  of t u f f s  i s  s im ila r ,  in  g e n e ra l, to  
a l t e r a t io n  o f correspond ing  lav a  flo w s.
V olcanic b re c c ia  and conglom erate
A n d e s itic  b re c c ia s  and conglom erates a re  d i s t r ib u te d  over th e  
e n t i r e  a re a  b u t a re  g e n e ra lly  more abundant near th e  e a s t  and w est 
borders*  Along th e  e a s t  boundary th ey  compose the  m ajor rock  types
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s t r a t i g r a p h ic a l ly  above th e  Slim  Sam form ation*
The b re c c ia s  and conglom erates a re  m assive in  ou tcrop  and form  
some o f  the r id g e s  and c l i f f s  in  th e  a re a .  They a re  v a r ic o lo re d  in  hues 
o f re d , brown, g reen , and g ray . The on ly  m egascopic d if fe re n c e  between 
th e  b re c c ia  and conglom erate i s  in  th e  shape o f th e  in c lu d ed  m a te r ia l .
In  bo th  rock  ty p es  th e  in c lu d ed  fragm ents range in  s iz e  from m icroscop ic  
to  b o u ld ers  up to  2 f e e t  in  d iam ete r. The average d iam ete r o f th e  f r a g ­
ments i s  about U to  8 in ch es (F igu re  5 )•  The m a jo r ity  o f the  b re c c ia  
and conglom erate i s  composed of a n d é s ite  fragm ents s e t  in  an a n d e s i t ic  
m a tr ix , a lthough  o cca s io n a l fragm ents o f o th e r  rock  types have a ls o  been 
in c o rp o ra te d . In  g e n e ra l, th e  m atrix  m a te r ia l  i s  d a rk e r  th an  th e  i n ­
cluded  frag m en ts .
F ig u re  5s A n d e s itic  conglom erate* Rounded fragm ents of a n d e s i t ic  
m a te r ia l  in c o ip o ra te d  in  an a n d e s i t ic  lav a  flo w . A k n ife  n ea r th e  
c e n te r  of th e  p ic tu r e  d e p ic ts  th e  s c a le .
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A pparen tly  most of th e  in c o rp o ra te d  m a te r ia l  i s  e ro s io n a l  d e b ris  
d e riv ed  from p re - e x is t in g  flow s and in c o rp o ra te d  in  l a t e r  f lo w s . Some 
of th e  b re c c ia  and conglom erate fragm ents may have o r ig in a te d  from mud 
f lo w s, b re c e la t io n  o f a co o lin g  lav a  flow , o r ex p lo sion  b re c c ia .
A ndésite  flow s
Flows a re  abundant in  th e  a re a  b u t th ey  were not mappable as 
s e p a ra te  u n i ts  and th ey  a re  a l l  c la s s i f i e d  as a n d é s i te s .  The flow s a re  
m assive, h ig h ly  in d u ra te d , and form c l i f f s  up to  100 f e e t  h ig h . Many o f 
th e  ta lu s  s lo p es a re  composed of an g u la r a n d é s ite  frag m en ts . The c o lo r  
of th e  a n d é s ite  i s  g e n e ra lly  dark  g reen ish  gray b u t some i s  dark re d d ish  
g ray .
P henocrysts of pyroxene, up to  3*5 mm in  d iam ete r, and sm a lle r  
g ra in s  o f a l te r e d  p la g io c la se  a re  th e  only  m in era ls  m egascop ically  
i d e n t i f i a b l e .  Flow banding and bedding i s  consp icuously  ab sen t in  th e  
flo w s.
Most of the  flow s a re  a l te r e d  so in te n s e ly  t h a t  a r e l i a b le  modal 
a n a ly s is  was n o t p o s s ib le .  F ive hundred p o in ts  of a th in  se c tio n  were 
counted of a r e l a t i v e ly  u n a lte re d  a n d é s ite  in  o rd e r to  o b ta in  a sem i- 
q u a n t i ta t iv e  mode of th e  ro ck . The o p t ic a l ly  id e n t i f i e d  m in e ra ls  a re :  
p la g io c la s e , 10%i c linopy roxene , 8%̂  b i o t i t e ,  q u a r tz , ch lo ­
r i t e ,  3%; e p id o te , 2%; o r th o c la s e , 2%i opaque m in e ra ls , a p a t i t e ,
l e s s  than  and t r a c e s  of z irc o n .
The p la g io c la se  occurs as la th -sh a p e d , eu h ed ra l c r y s ta l s  up to  
1 mm in  le n g th  and commonly d isp la y s  a lb i t e  tw inn ing . Most o f  th e  
g ra in s  a re  a t  l e a s t  p a r t i a l l y  a l te r e d  to  s e r i c i t e  and c a l c i t e  and in  
some cases a l t e r a t i o n  appears to  be com plete . P la g io c la se  com position
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cou ld  no t be determ ined p r e c is e ly ,  owing to  a l t e r a t io n  and complex 
o s c i l l a to r y  and normal zoning of th e  in d iv id u a l  g ra in s ,  b u t  i t  appears 
to  range from An^^ to  Angg.
The clinopyroxenes c o n s is t  of p ig e o n ite  and d io p s id e  and occur 
as anhedra l to  eu h ed ra l g ra in s  g e n e ra lly  about 1 mm in  le n g th . Depend­
in g  on th e  o r ie n ta t io n  in  th e  th in  s e c t io n , th e  in d iv id u a l  g ra in s  a re  
e i t h e r  s l i g h t l y  e lo n g a te  o r form e ig h t- s id e d  p rism s . Twinning and 
zoning of th e  pyroxenes i s  common. D iopside , th e  dominant pyroxene, 
i s  b ia x ia l  p o s i t iv e  and has a 2V of about 55° as determ ined w ith  a 
u n iv e rs a l  s ta g e . The Ny index  i s  about 1.68U. The com position of th e  
d io p s id e , determ ined from o p t ic a l  d a ta  (H ess, 19Hl> p . 516-519), i s  
Wo^gEn^gFs%Q. P ig e o n ite  has a 2V of about l5 ° .  Both m in era ls  a re  p a r ­
t i a l l y  a l te r e d  to  c h lo r i te  and e p id o te .
B io t i t e  occurs as sm all an h ed ra l g ra in s  f i l l i n g  i n t e r s t i c e s .  I t  
i s  the  re d d ish  brown v a r ie ty  ty p ic a l  of b a s ic  v o lca n ic s  and i s  p a r t i a l l y  
a l te r e d  to  u n id e n t i f ie d  opaque m in e ra ls .
O rthoclase  and q u artz  occur as sm all i n t e r s t i t i a l  g ra in s .  They 
a re  p o i k i l i t i c  and enclose numerous eu h ed ra l c ry s ta l s  of a p a t i t e  and 
o ccasio n a l z irc o n  g rains*  The o r th o c la se  i s  p a r t i a l l y  s e r i c i t i z e d .
A lte ra tio n  of the  v o lca n ic s
The a l t e r a t io n  of the  v o lc a n ic s  i s  p r in c ip a l ly  p r o p y l i t i z a t io n .  
G en era lly , the  a l t e r a t io n  i s  in te n se  and g e o g rap h ica lly  w idespread 
th roughout the a re a  mapped. The p ro p y l i t ic  a l t e r a t io n  i s  m egascop ica lly  
c h a ra c te r iz e d  by th e  o b l i t e r a t io n  of most of the  o r ig in a l  t e x tu r e ,  a 
dark  g ree n ish  c o lo r , a high degree of in d u ra t io n , and fe ld s p a r  pheno- 
c ry s ts  th a t  a re  le s s  t r a n s lu c e n t  th an  norm al. I t  i s  c h a ra c te r iz e d
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m ic ro sc o p ic a lly  by th e  s c a r c i ty  of th e  o r ig in a l  m ineralogy and th e  
abundance o f e p id o te , c l in o z o i s i t e ,  c h lo r i t e ,  s e r i c i t e ,  ca rbonate  min­
e r a l s ,  p y r i t e ,  h e m a tite , se rp e n tin e  ( ? ) ,  and o c c a s io n a lly  a lb i te *  
S i l i c i f i c a t i o n  of th e  a n d é s i te , and a r g i l l i z a t i o n  of th e  f e ld s p a r s ,  
ev id e n t throughout the  a re a , i s  most conspicuous a d ja c e n t to  m in e ra lize d  
a r e a s •
I d e n t i f i c a t io n  of some of th e  o r ig in a l  m ineralogy of th e  a n d é s ite  
was on th e  b a s is  of r e l i c  forms and rem anents of p rim ary  m in e ra ls . Some 
p la g io c la se  g ra in s  a re  complexly zoned ( o s c i l l a to r y  and normal) and have 
a com position  rang ing  from An^^ to  An^ç. P la g io c la se  i s  a l te r e d  to  
s e r i c i t e ,  ca rb o n a te , a rg il la c e o u s  m a te r ia l ,  and c h lo r i t e .  The f e r r o -  
magnesian m in era ls  ap p a ren tly  have been more su s c e p tib le  to  a l t e r a t io n  
as th ey  have, in  most c a se s , been com pletely  a l te r e d  to  c h lo r i t e ,  e p i ­
d o te , c l in o z o i s i t e ,  h e m a tite , p y r i t e ,  and se rp e n tin e  ( ? ) .  L o c a lly , 
hem atite  i s  abundant as an a l t e r a t io n  p roduct g iv ing  the  a n d é s ite  a 
red d ish  c a s t .  In  th e  M a rie tta  mine, ore does n o t appear to  be a sso c ­
ia te d  w ith  a n d é s ite  c o n ta in in g  abundant h e m a tite . However, th e re  i s  
in s u f f i c i e n t  d a ta  to  determ ine th e  s ig n if ic a n c e  o f t h i s  r e l a t io n .
Almost a l l  o f the  th in  s e c tio n s  o f a n d é s ite  a re  c u t by t in y  
s t r in g e r s  co n ta in in g  eu h ed ra l c ry s ta l s  of one o r more of th e  fo llow ing  
m in e ra ls j q u a r tz , c a rb o n a te , e p id o te , c l in o z o i s i t e ,  and one or p o s s ib ly  
s e v e ra l z e o l i t e s .  This may re p re se n t  a l a t e  phase in  th e  p r o p y l i t ic  
a l t e r a t i o n .
Age of th e  E lkhom  M ountains v o lca n ic s
K lepper, Weeks, and Ruppel (1957, P» 32-38) have done c o n s id e r­
ab le  work on th e  age o f th e  E lkhom  M ountains v o lc a n ic s . A summary of
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t h e i r  work i s  g iven  below*
The beg inn ing  of the  v o lca n ic  p e rio d  i s  marked by a n d e s i t ic  
d e t r i tu s  in  the  Slim  Sam form ation^ which co n ta in s  N iobrara  age f o s s i l s .  
The Slim  Sam fo rm ation  i s  b e lie v e d  to  have been d ep o sited  r a p id ly  and in  
p la c e s  grades upward in to  the  v o lc a n ic s . F o s s i l s  found in  a m arly  la y e r  
in  a v o lcan ic  conglom erate ( th a t  i s  b e lie v e d  to  have been d ep o sited  a t ,  
or n e a r , the  end of the  v o lcan ic  a c t iv i ty )  a re  considered  to  be Ju d ith  
R iver in  age. A lso , th e  v o lcan ic s  a re  th e  youngest rocks in  th e  so u th ­
ern  E lkhorn M ountains th a t  have been invo lved  in  the  m ajor ep isode of 
Laramide fo ld in g .
In  summary K lepper, Weeks, and Ruppel (19^7, p . 38) s ta te s
"The p a lé o n to lo g ie , s t r a t ig r a p h ie ,  and s t r u c tu r a l  evidence 
in d ic a te s  to  th e  au tho rs th a t  the  E lkhom  M ountains v o lca n ic s  
a re  a lm ost c e r ta in ly  w holly C retaceous in  age. But the  
evidence i s  in s u f f i c i e n t  to  in d ic a te  w hether they  range in  
age from v e ry  l a t e  N iobrara  or T elegraph Creek tim e to  an 
upper l im i t  th a t  cannot be f ix e d  more c lo s e ly  th an  J u d ith  
R iver tim e , o r younger, o r a re  r e s t r i c t e d  in  age to  J u d ith  
R iver tim e ."  (See F igure  U).
I n t ru s iv e  Rocks
Six sm all in t ru s iv e  b o d ie s , ou tcropping  on th e  su rfa c e  (P la te  I ) ,  
and two narrow d ik e s , exposed underground (P la te  I I ) ,  a re  p re se n t in  the  
a re a  mapped. Three of th e se  bod ies a re  s l i g h t ly  e l l ip t i c a l ly - s h a p e d  and 
one h a l f  m ile o r  le s s  in  maximum p lan  dim ension. The rem aining th re e  
bod ies a re  e lo n g a te  and from 100 f e e t  to  300 f e e t  in  w id th . S ince ex­
posures a re  poor, th e  m a jo rity  of th e  c o n ta c ts  mapped on the  su rfa c e  a re  
based c h ie f ly  on f l o a t  ev idence . S ig n if ic a n t  amounts of in t r u s iv e  f l o a t  
were observed in  v a rio u s  p a r ts  of the a re a , su g g estin g  th a t  unexposed
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in t r u s iv e  bod ies a re  p re s e n t .  This f l o a t  was s c a t te r e d  to  th e  e x te n t  
th a t  no p robab le  c o n ta c ts  could  be p o s tu la te d . C ontact metamorphism of 
th e  in tru d e d  a n d é s ite  appears to  be n e g lig ib le .
The in tr u s iv e  rocks were emplaced a f t e r ,  or p o s s ib ly  d u rin g , ex­
tru s io n  of the  E lkhom  M ountains v o lc a n ic s . Some of th e se  bodies may be 
c o n so lid a te d  rem anents of v o lcan ic  necks o r  p lugs from which a n d e s i t ic  
v o lcan ic  rocks were ex truded .
M in e ra lo g ica l and s t r u c tu r a l  s im i l a r i t i e s  o f  in t r u s iv e  rocks 
mapped by K lepper, Weeks, and Ruppel (19$7, p . iiU-U8) to  th e  southw est 
in d ic a te  th e se  rocks a re  g e n e t ic a l ly  r e la te d  to  th e  E lkhorn Mountains 
v o lc a n ic s . These same au th o rs  su g g est th a t  the  sm all p lu to n s  mapped in  
th e  so u th e rn  Elkhorn Mountains may be g e n e t ic a l ly  r e la te d  to  th e  B oulder 
b a th o l i th .
The in t r u s iv e  rocks of th e  a re a  com prise a v a r ie ty  of ty p e s .
They c o n s is t  o f q u a rtz  d i o r i t e ,  d io r i t e  porphyry , q u a rtz  d io r i t e  p o r­
phyry , and a b io t i t e - a u g i t e  porphyry. For convenience in  r e f e r r in g  to  
the  lo c a tio n  of the  in d iv id u a l in t ru s iv e  b o d ie s , l o c a l i t y  numbers (P la te
I )  have been assigned?
L o c a lity  I  Q uartz D io r ite
L o c a li ty  I I  Q uartz D io r i te
L o c a li ty  I I I  Q uartz D io r i te
L o c a li ty  IV Q uartz D io r ite
L o c a li ty  V D io r i te  Porphyry and B io tite -A u g ite  
Porphyry
L o c a li ty  VI Q uartz D io r i te  Porphyry
S ix  th in  s e c t io n s ,  one from each of the m ajor in t r u s iv e  b o d ie s , 
were s tu d ie d  in  d e t a i l  (Table I ) .  S p a t ia l  a s s o c ia t io n  and m in e ra lo g ic a l
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TABLE I
MODAL ANALYSES OF SIX THIN SECTIONS
Rock Type 
L o c a li ty  Number I
Quartz
I I
D io r i te
I I I IV
D io r i te
Porphyry
V
Q uartz
D io r i te
Porphyry
VI
P la g io c la se 55.0 59.U 59.2 60.5 66.$ 65.5
C h lo r ite 8.0 11.3 10.0 7 .6 10.1
E pidote and 
C lin o z o is i te 11.0 9 .2 9.6 2.6 3 .8 U.6
Glinopyroxene 1.0 6 .6 U.3 2.6 12.6 Ç.U
Hornblende 3 .0 i.L 1.1 U.9 — 1.0
M ic ro p e rth ite 9 .0 - - — U.o — — ——
O rthoclase — — —— U.o -- =—
Myrmekite T r. —— — —— — — ——
Quartz 8.0 7 .0 10.0 8.0 1.0 7.6
B io t i te k.o — —— 2.U h»h T r.
Opaques 1.0 li.2 5.6 2 .6 5.2 5oU
A p a tite T r. Tr. T r. 1.8 1.0 T r.
Z ircon T r. T r. T r. — “ —
100.0 99 .1 99.8 98.6 99.9 100.0
Notes Due to  a l t e r a t io n  of th e  ro c k s , only ?00 p o in ts  were counted
in  each th in  s e c t io n . T h ere fo re , th e se  inodes a re  se m i-q u a n ti-  
t a t i v e .
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s i m i l a r i t i e s  su g g est th a t  th e  i n t r u s iv e s  in  th e  a re a  mapped a re  
g e n e t ic a l ly  r e la te d  to  each o th e r  and to  th e  surround ing  e x tru s iv e s .  
Q uartz d io r i t e
The q u artz  d i o r i t i c  rocks a re  the  m ajor in t r u s iv e  b od ies in  th e  
area* These rocks a re  e a s i ly  recogn ized  by c o n tra s t in g  c o lo r  and te x ­
tu r a l  d if fe re n c e s  as compared to  th e  a n d é s i te s ,  and by fo rm ation  o f 
coarse  rounded fragm ents on w eathering .
In  hand specim en, th e  q u a rtz  d io r i t e s  a re  l i g h t  g ray  and f in e  
to medium g ra in ed . Most of th e  m ineralogy i s  m egascop ica lly  v i s ib le .  
M ic ro sco p ic a lly , they  a re  h o lo c ry s ta l l in e  w ith  in te r lo c k in g  g ra in s  
(F igu re  6 ) .  A mode of each of th e  fo u r  q u a rtz  d io r i t e  b o d ies  i s  given 
in  Table I .
P la g io c la se  i s  the  dominant m ineral in  th e  q u a rtz  d i o r i t e .  I t  
occurs as anhed ra l to  eu h ed ra l g ra in s  up to  2 mm in  le n g th . Composi­
t io n  of th e  p la g io c la s e  in  the  rocks ranges from An^^ to  An^o* 
O s c i l la to ry  and normal zoning w ith  a more c a lc ic  core i s  common (F ig ­
ure 7) and in d ic a te s  d ise q u ilib r iu m  c o n d itio n s  during c r y s t a l l i z a t io n  
o f th e  p la g io c la s e .  The cause of d ise q u ilib r iu m  i s  s p e c u la tiv e . The 
q u a rtz  d io r i t e  of L o c a li ty  I  co n ta in s  l e s s  than 1% m yrm ekitic i n t e r ­
growth o f q u a rtz  and p la g io c la s e . A th in  s e c tio n  of t h i s  rock a ls o  
c o n ta in s  about 10% m ic ro p e r th i te . A l te ra t io n  p roducts o f the  f e ld s p a r s ,  
in  d e c rea s in g  abundance, a re  s e r i c i t e ,  c la y s ,  and c a l c i t e .
P ig e o n ite  and a more c a lc ic  pyroxene a re  the  two c linopyroxenes 
p re s e n t  in  th e  q u artz  d i o r i t e s .  Many of the pyroxene g ra in s  a re  tw inned 
and h ou rg lass zoning can be observed. The c a lc ic  pyroxene i s  more 
abundant than  p ig e o n i te .  The o p tic  ang le  of p ig e o n ite  ranges from 12°
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F ig u re  6 ; Thin s e c tio n  No# B-UO. Q uartz d io r i t e  from L o c a li ty  
IV; c h ie f ly  p la g io c la se  la th s  (P ) , c h lo r i te  (C ), and i n t e r ­
s t i t i a l  q u a rtz  ( q ) .  Crossed n ic o l s ,  x  25.
F igu re  7s Thin s e c tio n  No. SE-3L# O s c i l la to ry  zoning o f a 
p la g io c la s e  g ra in  from a L o c a li ty  I I I  q u a rtz  d i o r i t e .  P la g io ­
c la s e  c h ie f ly  surrounded by q u a rtz  and some e p id o te . C rossed 
n ic o l s ,  X 7$.
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to  30° and i t  i s  s l i g h t l y  p le o c h ro ic . The p resence  of p ig e o n ite  in  th e  
q u a rtz  d i o r i t e  in d ic a te s  ra p id  c o o lin g  of the  p a r t i a l l y  c r y s ta l l i z e d  
m e lt, p robab ly  by ra p id  upward in tru s io n  in to  the  n ea r su rfa c e  ro c k s .
The m olecu lar p e rcen tag es of th e  c a lc ic  pyroxene were determ ined 
by m easuring 2V w ith  a u n iv e rs a l  s tag e  and o p t ic a l ly  determ in ing  Ny 
w ith  th e  fo llow ing  r e s u l t s ;  L o c a li ty  I ,  Wo^^En|^^Fsy2l L o c a li ty  I I ,  
Wo^5En^oFs]j 5̂ L o c a li ty  I I I ,  Wo^^En)^%Fs%^; and L o c a li ty  IV , 
Wo[|3En53Fsl|. According to  th e  c l a s s i f i c a t io n  of th e  common non-sod ic  
pyroxenes o u tlin e d  by Hess (19U1, p . 516-519), th e  c a lc ic  pyroxenes 
from L o c a li t ie s  I ,  I I ,  and I I I  a re  in  the s a l i t e  f i e l d  near the  s a l i t e -  
a u g ite -d io p s id e  in te r s e c t io n .  The c a lc ic  pyroxene from L o c a li ty  IV 
d i f f e r s  c o n s id e ra b ly  and i s  in  th e  endiopsode f i e l d .
P leo ch ro ic  c o lo rs  of the  hornblende a re  g e n e ra lly  l i g h t  to  dark 
green . The o p tic  ang le  of th e  hornblende v a r ie s  from 70° to  90°, w ith  
an average 2V of about 73°.
B io t i te  occurs as sm all eu h ed ra l g ra in s  up to  1 mm in  le n g th  
in  q uartz  d i o r i t e  from L o c a l i t ie s  I  and IV. I t  i s  p leo c h ro ic  from 
l i g h t  to  dark  brown. B io t i t e  commonly i s  a l te r e d  to  c h lo r i te  o r rimmed 
by an opaque m in e ra l.
Sm all, a n h e d ra l, i n t e r s t i t i a l  g ra in s  of q u a r tz , up to  1 mm in  
d iam ete r, a re  p re s e n t  in  about equal amounts in  a l l  o f  th e  q u a rtz  d io ­
r i t e s .  A p a tite  occurs as euhed ra l in c lu s io n s  in  most o f th e  o th e r  
m inera ls  and as se p a ra te  g ra in s  throughout the  ro ck . Sm all, e lo n g a te , 
euhed ra l z irc o n  c r y s ta l s  were o c c a s io n a lly  observed in  th e  th in  s e c ­
t io n s  of th e  q u a rtz  d i o r i t e .
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Opaque m in e ra ls  appear to  c o n s is t  c h ie f ly  o f p y r i te  and the  iro n  
o x id es , m agnetite  and hem atite#  P y r i te  i s  u s u a l ly  eu h ed ra l and i s  
p re s e n t  as g ra in s  up to  1 mm in  d iam ete r. H em atite and m agnetite  a re  
p re s e n t  as r e a c t io n  rims around ferrom agnesian  m in e ra ls ,
D io r i te  and q u a rtz  d i o r i t e  porphyry
The p robab le  c o n ta c ts  of two e lo n g a te  in t ru s iv e  bodies (L o c a li­
t i e s  7 and 71 , P la te  I )  were mapped on the  b a s is  of f l o a t  ev idence .
The rock from L o c a lity  7 i s  a d io r i t e  porphyry and th a t  of L o c a li ty  71 
a q u a rtz  d io r i t e  porphyry . These rocks a re  dark  g ray , f in e  to  medium 
g ra in ed  m a tr ix , and c o n ta in  numerous euhed ra l pyroxene phenocrysts  up 
to  6 mm in  le n g th  (F ig u res  8 and 9)# M inéralog iea l l y ,  th e  p o rp h y r i t ic  
rocks d i f f e r  from th e  q u a rtz  d io r i t e s  (Table I )  w ith  re s p e c t to  minor 
m inera l p e rc e n ta g e s . A l te ra tio n  of th e se  p o rp h y r i tic  rocks i s  analagous 
to  th e  q u a rtz  d io r i t e  p re v io u s ly  d e sc rib e d .
The p o rp h y r i t ic  rocks c o n ta in  e u h e d ra l, s e r i c i t i z e d ,  p la g io c la s e  
(An^g-An^) g ra in s  up to  2 mm in  le n g th  (F igu re  8 ) ,  C h lo r i te ,  e p id o te , 
and c l in o z o is i te  a re  p re se n t as a l t e r a t io n  p ro d u c ts . H ornblende, s im i­
l a r  to  th a t  found in  th e  q uartz  d i o r i t e ,  was observed in  th e  th in  
s e c tio n  from L o c a li ty  7 1 . B io t i te  and q u artz  occur as sm all i n t e r s t i ­
t i a l  g ra in s .
The o p t ic a l ly  determ ined conç>osition of c a lc ic  pyroxene in  th e  
p o rp h y r itic  rock from L o c a lity  7 i s  Wo^^Enj^^Fs^Q. The com position  of 
th e  c a lc ic  pyroxene in  th e  rock  from L o c a li ty  71 i s  Wo^^En^QFsjj^, 
O ccasional phenocrysts  of p ig e o n ite  a re  a lso  p re s e n t in  ro ck s from bo th  
l o c a l i t i e s .  A pparen tly  the  c linopyroxenes were th e  f i r s t  m in e ra ls  to  
c r y s t a l l i z e  in  th e  magma. Rapid coo lin g  of the  p a r t i a l l y  c r y s ta l l i z e d
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F ig u re  8: Thin s e c tio n  No* SE-33# D io r i te  porphyry  from
L o c a li ty  V; c linopyroxene phenocryst in  a  m a trix  of se r ic i*  
t iz e d  p la g io c la s e  la th s*  Crossed n ic o l s ,  x  25*
F igu re  9: Thin s e c t io n  No. SE -lil. Q uartz d io r i t e  porphyry
from  L o c a li ty  V I. P a r t i a l l y  a l t e r e d  c linopyroxene (P y ), 
p la g io c la s e  (g ra y ) , q u a rtz  (w h ite ) , c h lo r i te  (c), opaque 
m in e ra ls  and h o le s  in  s e c tio n  (b la c k ) ,  and sm all eu h ed ra l 
a p a t i t e  (A ). Crossed n iç o is ,  x  2$.
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m elt fo llow ed  i t s  in t r u s io n  in to  the  surrounding  an d ésite*  As a 
r e s u l t ,  th e  p ig e o n ite  d id  no t in v e r t  to  o rthopyroxene .
B io t i te - a u g i te  porphyiy
A b io t i t e - a u g i t e  porphyry body in tru d e d  th e  a n d é s ite  and d i o r i t e  
porphyry a t  L o c a lity  V. The b i o t i t e -  a u g ite  porphyry was n o t mapped 
s e p a ra te ly  as on ly  one o u tc ro p , s e v e ra l  f e e t  in  d iam ete r, was observed 
n e a r  th e  so u th e a s t co rn er of L o c a li ty  V* I t  i s  a dark g ray , f in e  
g ra in e d , p o rp h y r i t ic  rock c o n s is t in g  of a sub-m icroscopic c r y s ta l l in e  
groundmass, p henocrysts  o f b i o t i t e  and a u g ite ,  and su b o rd in a te  amounts 
of p la g io c la se  (com position undeterm ined) and o r th o c la se  ( ? ) .  Pheno­
c ry s ts  range in  s iz e  from 0,2S vm to  2 mm and c o n s t i tu te  about 20% o f 
the  rock* B io t i te  phenocrysts  a re  most abundant and a re  rimmed by r e ­
a c t io n  rim s o f iro n  oxides and u n id e n tif ie d  pyroxenes*
The te x tu re  of t h i s  rock and the  presence of reso rbed  b i o t i t e  
phenocrysts in d ic a te  a p e rio d  of e a r ly  c r y s t a l l i z a t io n  a t  high w ater 
p re s su re  du ring  which tim e the  b i o t i t e  phenocrysts developed* As a 
r e s u l t  of in t ru s io n  of th e  magma, th e  w ater p re s su re  dropped r a p id ly , 
b i o t i t e  became u n s ta b le  and was p a r t i a l l y  reso rbed  to  iro n  oxides and 
pyroxenes* The sub-m icroscopic  groundmass a lso  r e s u l te d  from in tru s io n  
o f th e  m elt w ith  a subsequent c h i l l in g  of th e  p a r t i a l l y  c r y s ta l l i z e d  
magma.
Dikes
Two hyd ro therm ally  a l te r e d  d ik es t h a t  have in tru d e d  the  a n d é s ite  
a re  exposed in  th e  M a rie tta  mine (P la te  I I ) .  These d ik es a re  observab le  
on th e  No* U and ? le v e ls  of the  m ine. Both d ikes a re  about 2.Ç f e e t  
w ide, t re n d  n o r th w e s te r ly , and a re  n e a r ly  v e r t i c a l .
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M ic ro sco p ic a lly  th e  d ike rocks c o n s is t  of a complex aggregate  
of q u a r tz , c h lo r i t e ,  e p id o te , c l in o z o i s i t e ,  s e r i c i t e ,  p y r i t e ,  c a l c i t e ,  
and c la y  m in e ra ls . The o r ig in a l  m ineralogy and te x tu re  i s  p re s e n t  only  
as o c c a s io n a l r e l i c t  g ra in  b o u n d arie s .
S tru c tu re
F old ing  and f a u l t in g
In  th e  absence of any d e f in i te  c r i t e r i a  f o r  e s ta b l is h in g  th e  
s t r a t ig r a p h ie  r e la t io n s h ip s  o f th e  E lkhorn M ountains v o lca n ic s  only a 
few of th e  s t r u c tu r a l  d e ta i l s  could  be d e lin e a te d .
The dominant s t r u c tu r a l  f e a tu re  w ith in  th e  a re a  mapped i s  a 
b ro ad , n o rth  tren d in g  s y n c lin e . I n d i r e c t  evidence f o r  t h i s  sy n c lin e  
i s  the  p resence  of a b road , e lo n g a te , n o rth  p lunging domal s t r u c tu r e  
w est of th e  a re a  mapped (K lepper, Weeks, and Ruppel, 19^7, P la te  l )  
and w est d ipp ing  s t r a t a  e a s t  o f the  a rea  (P la te  I ) ,  Minor fo ld s  a re  
superim posed on m ajor fo ld s  w est and southw est of th e  a rea  mapped 
(K lepper, Weeks, and R uppel, y P la te  l )  and a ls o  to  th e  so u th e a s t 
(Freeman, Ruppel, and K lepper, 1958, P la te  1 ) .  T h ere fo re , i t  i s  
reasonab le  to  assume th a t  minor fo ld in g  a ls o  occurred  w ith in  th e  a rea  
mapped. Stone (1910, p . 78) was one of the  f i r s t  to  observe t h a t  the  
m ajor fo ld s  g e n e ra lly  have a n o r th e r ly  tre n d . In  the sou thern  E lk ­
horn M ountains, K lepper, Weeks, and Ruppel (1957, p . 60) found some 
of th e  v o lc a n ic s  deformed as in te n s e ly  as th e  underly ing  sed im en ts, 
in d ic a t in g  th a t  th e  cu lm ina tion  o f fo ld in g  and f a u l t in g  occurred  a f t e r  
the  accum ulation of th e  v o lc a n ic s .
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P rev io u s mapping in  a d ja c e n t a re a s  of th e  E lkhom  M ountains and 
Townsend V a lle y  has e s ta b l is h e d  a no rthw est tre n d  f o r  th e  m ajor f a u l t s .  
The n o rth w est tre n d in g  f a u l t s  mapped by Freeman, Ruppel, and K lepper 
(1958, p .  525) in  th e  Limestone H i l ls  a re  considered  to  be su b s id ia ry  
s t r u c tu r e s  o f th e  Lombard T h rust (For lo c a tio n  of th e  L im estone H i l ls  
and t r a c e  of th e  Lombard T h ru s t, see F igure  1 ) .  A ccording to  Reed 
( 1951, p . lit)  many of th e  known c e n te rs  o f m in e ra liz a tio n  in  the  E lk ­
ho m  M ountains a re  con fined  to  th e  in te r s e c t io n  of northw est tren d in g  
f a u l t s  and in t r u s iv e  s to c k s .
Reed (1951, p . UU) mapped a northw est tre n d in g  f a u l t  about one 
m ile  south  of th e  I ro n  Mask mine (P la te  I )  and b e lie v e s  t h i s  f a u l t  con­
t in u e s  in to  th e  upper In d ia n  Creek b a s in ,  which c o n ta in s  the  M a rie tta  
and r e la te d  v e in s .  S u b s ta n tia t in g  evidence f o r  t h i s  f a u l t  i s  th e  l in e a r  
p a t te r n  of In d ia n  Creek in  th e  a re a  mapped (P la te  I ;  F ig u re  2 ) .
F a u lt in g  on a lo c a l  sc a le  i s  p re v a le n t in  th e  M a rie tta  mine and 
a d ja c e n t a re a s  (P la te . I I ) .  Most of th e  p ro d u c tiv e  lodes were lo c a l iz e d  
in  some of th e se  f a u l t s .  P o s t-o re  f a u l t in g  i s  p re s e n t in  th e  M a rie tta  
mine; however, d isp lacem en t i s  in  inches w herever i t  cou ld  be determ ined. 
D e ta ile d  d isc u ss io n  of th e  s t r u c tu r e  observed underground i s  re se rv e d  
f o r  a l a t e r  s e c t io n .
J o in ts
Two s e t s  of n o rth w est tren d in g  j o in t s  a re  p re s e n t  w ith in  th e  a re a  
mapped. One s e t  i s  n e a r ly  v e r t i c a l  (P la te  I )  and th e  average d ip  of th e  
o th e r  s e t  i s  about 20® southw est (F igu re  1 0 ) .
The a t t i t u d e  of 272 o f th e  shallow  southw est d ipp ing  jo in t s  was 
reco rded  from th e  fo llo w in g  l o c a l i t i e s :  3h a t t i t u d e s  from an ou tcrop
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abou t 100 yard s n o rth  of the  No* U p o r t a l  o f the  M a rie tta  ininei 9h 
a t t i t u d e s  from th e  No* 5 le v e l  of th e  M a rie tta  mine; and ll^ij a t t i t u d e s  
from th e  Mason tunnel*  The p o les  o f th e  j o in t s  from each l o c a l i t y  were 
p lo t te d  s e p a ra te ly  on the  low er hem isphere o f an equal a re a  net* A con­
to u r  diagram  th a t  in c lu d e s  a l l  272 a t t i tu d e s  i s  p re sen te d  as F igu re  10* 
Most of th e  p o les  in  th e  southw est quadran t o f F ig u re  10 a re  a t t r i b u ­
ta b le  to  a t t i tu d e s  ob ta ined  from th e  Mason tu n n e l* An a n a ly s is  of th e  
jo in ts  was a ttem pted  b u t no s a t i s f a c to r y  co nc lu sions as to  t h e i r  o r ig in  
or to  t h e i r  r e la t io n s h ip  to  th e  v e in s  could be ob ta ined  from th e  a v a i l ­
a b le  data*
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F ig u re  10s Contour diagram of 272 jo in t  a t t i tu d e s  in  the 
v i c i n i t y  of the  M a rie tta  m ine. P lo t te d  on th e  low er hemisphere,
ECONOKEC GEOLOGY 
Ore D eposits
M in e ra liz a tio n  i s  common th roughou t th e  e n t i r e  a re a  stud ied*  
Numerous p ro sp e c t p i t s  and m ines, most o f them abandoned, were en­
co u n te red  in  mapping (P la te  I )*  The a re a  has produced n o tab le  
q u a n t i t ie s  o f  gold and s i l v e r ,  and le a d  i s  an im p o rtan t byproduct*
The only  o p e ra tin g  p ro p e rty  in  th e  a re a  a t  p re s e n t i s  the  M a rie tta  mine*
The m a jo r ity  o f th e  ore d e p o s its  in  th e  a re a  occur in  a n d é s i te s .  
However, some m in e ra liz a tio n  occurs i n ,  and a d ja c e n t to ,  th e  p re v io u s ly  
d e sc rib e d  in tru s iv e  bod ies w ith  the  excep tion  of the  q u artz  d io r i t e  a t  
L o c a lity  I I .
A ll  of th e  ve in s  observed in  the  a rea  a re  emplaced along w e ll-  
d e fin ed  f a u l ts *  The M a rie tta  v e in  tren d s  northw est and has a southw est 
d ip  of abou t 30^* The tre n d  of most of th e  o th e r  v e in s in  th e  a rea  
(w herever the  a t t i t u d e  could be determ ined) i s  e i t h e r  n o r th e a s t  o r 
northw est and th e y  a re  g e n e ra lly  shallow  d ip p in g .
Veins in  the  M a rie tta  mine
The M a r ie t ta , Gold D ust, and Rabidau ve ins a re  th e  th re e  m in e ra l­
ize d  s t r u c tu r e s  developed in  th e  M a rie tta  mine (P la te  I I ) .  A ndésite  
flow s a re  th e  h o st rock f o r  the  v e in s . The only  in tr u s iv e  rocks p re s e n t 
in  th e  mine a re  two b a s ic  d ikes which were p re v io u s ly  d esc rib ed  (P la te
I I ) .
The M a rie tta  v e in  i s  the  most p e r s i s t e n t ,  and econom ically  the 
most im p o rtan t, s t ru c tu re  in  th e  m ine. I t  g e n e ra lly  s t r i k e s  about N.
10° W. and has an average  d ip  of about 30° SW. Near i t s  sou thern
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e x tre m ity , on th e  In te rm e d ia te  and No. 3 and I4 l e v e ls  (P la te  I I ) ,  the  
v e in  s t r ik e s  abou t N. UO  ̂ W. and d ips about 20° SW. The s t r i k e  le n g th  
o f th e  M a rie tta  v e in  i s  about 2^00 f e e t  and i t s  known v e r t i c a l  e x te n t 
i s  about UlO f e e t  (S e c tio n  A-A’ , P la te  I I ) .  I t  has been d isc o n tin u o u s ly  
mined and exp lo red  from th e  su rfa c e  f o r  a d is ta n c e  o f  ?U0 f e e t  down d ip . 
On th e  No. 5 le v e l  th e  v e in  s t r u c tu r e  i s  s tro n g  w ith  s u l f id e  w id ths up 
to  h f e e t .  However, from th e  s i l l  of the  No. 5 le v e l  to  th e  bottom  o f 
a 2 ^ -fo o t w inze, n ea r S ta t io n  ?18 (P la te  I I ) ,  s u lf id e  w id ths decreased  
to  about one f o o t .  At th e  bottom o f t h i s  winze th e  te n o r o f th e  ore
d ecreased  below th e  c u t-o f f  p o in t and th e  winze was te m p o ra rily  aban­
doned. E x p lo ra to ry  work below the No. ^ le v e l  has n o t p ro g ressed  f a r  
enough to  determ ine  w hether or no t economic ore i s  p re s e n t a t  g re a te r  
d e p th s . Owing to  p inch ing  and sw ellin g  of the  v e in  th roughou t th e  m ine, 
w idth  v a r ia t io n s  a re  common.
The exp lo red  n o rth e rn  e x tre m ity  of th e  M a rie tta  v e in  i s  a c c e s­
s ib le  on th e  su rfa c e  and on the  No. 3 5 hp and 5 le v e ls  of th e  mine
(P la te  11) .  On th e  su rfa c e  th e  v e in  s t r u c tu r e ,  observed in  p i t s  and
b u lld o z e r  c u ts ,  c o n s is ts  o f sh ee ted  a n d é s i te , i r o n  o x id es , and sp a rse , 
p a r t i a l l y  o x id ized  p y r i t e .  Some of t h i s  m a te r ia l  from th e  n o r th e rn ­
most su rface  p i t  shown on P la te  I I  was assayed by Mr. T. Lee o f N orthern 
M illin g  Company and showed a t r a c e  of gold and s i l v e r  ( i9 6 0 , p e rso n a l 
com m unication). A t the  n o rth e rn  e x tre m itie s  of the  No. 3 and 5 le v e ls  
th e  M a rie tta  v e in  p inches down to  about h in c h e s . Near S ta t io n  L30 
(P la te  11 ) ,  on th e  No. ^ l e v e l ,  th e  v e in  in c re a se s  in  d ip , curves to  
the  w est, and p inches from Ii f e e t  to  about one f o o t .  Four d r i l l  h o les  
(about 50 f e e t  in  le n g th )  and a r a i s e  in  t h i s  a re a  f a i l e d  to  re v e a l  a
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northw ard c o n tin u a tio n  of th e  s t r u c tu r e .  However, near th e  end of 
the  h2k N. d r i f t  the  s t r u c tu r e  reap p ea rs  and a p p a re n tly  con tinues 
northw ard (P la te  I I ) »
The Gold Dust v e in  i s  observab le  on th e  No, k and 5 le v e ls  of 
th e  m ine. I t  tren d s  about N. 60° E, and d ips about SE. The known 
v e r t i c a l  e x te n t  of t h i s  v e in  i s  l e s s  than  100 f e e t .  I t  has been ex­
p lo red  abou t 600 f e e t  a long  s t r ik e  on th e  No, 5 le v e l  (P la te  I I ) .  The 
e a s te rn  e x tre m ity  of th e  s t r u c tu r e  appears to  s p l i t  in to  s e v e ra l  sm all 
h o r s e ta i l in g  v e in l e t s .  A sm all sh o o t, approx im ate ly  10 f e e t  th ic k ,  was 
p re s e n t  where th e  Gold Dust and the  M a rie tta  ve ins i n t e r s e c t  on th e  No, 
k l e v e l ,  A d e ta i le d  study  of th e  Gold Dust v e in  was n o t f e a s ib le  owing 
to  i n a c c e s s ib i l i t y  of th e  stopes and p a r t  of th e  d r i f t s ,
A sm all and econom ically  un im portan t s t ru c tu re  known as th e  
Rabidau v e in  occurs n ear the  p o r ta l  o f the  No, U l e v e l .  The s t r i k e  
averages N, 60^ E, and i t  d ip s  about 3?^ SE, I t  c o n s is ts  o f $ inches 
to  2 f e e t  o f o x id ized  o re , gouge, and sheeted  a n d é s i te . The v e in  has 
been explored  abou t 180 f e e t  a long  s t r i k e  (P la te  I I ) ,
I n te r n a l  ve in  s t r u c tu r e
The M a rie tta  v e in  has e a s i ly  reco g n izab le  fo o t  and hanging w a lls ,  
A gouge seam, up to  8 in ch es  w ide, i s  c h a r a c t e r i s t i c a l l y  n ear or a d ja ­
c e n t to  one o f the  v e in  w a lls . The a n d é s ite  w a ll rock i s  s i l i c i f i e d ,  
b leached , and p y r i t i z e d  f o r  a d is ta n c e  o f 6 to  8 f e e t  on e i th e r  s id e  o f 
th e  v e in . S tr in g e r s  o f s u l f id e s ,  q u a r tz ,  and carbonates a re  common 
c o n s id e ra b le  d is ta n c e s  from th e  v e in .
The ve ins in  the  M a rie tta  mine a re  of th e  f i s s u r e  f i l l  ty p e . 
Minor amounts of p y r i t e ,  a r s e n o p y r i te ,  q u a r tz , and carbonates a re
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d issem in a ted  in  th e  a n d é s ite  a d ja c e n t to  th e  v e in s . B re c c ia tio n  o f th e  
a n d é s i te ,  du ring  fo rm ation  o f th e  ve in  s t r u c tu r e  and m in e ra l iz a tio n , 
occu rred  lo c a l ly  a s  shown by o c cas io n a l p iec es  of a n d é s ite  b re c c ia  found 
w ith in  th e  v e in  m a te r ia l  (F igu re  1 1 ). The b re c c ia  has been only p a r ­
t i a l l y  re p la c e d  by s u l f id e s  and gangue m in e ra ls .
M ineral r a t i o s  change ra p id ly  and in c o n s is te n t ly  along bo th  
s t r i k e  and d ip  of th e  v e in . Where the  v e in  i s  narrow , some of th e  min­
e ra lo g y  i s  ab sen t (F igu re  12) and two o r th re e  m in e ra ls  c o n s t i tu te  th e  
e n t i r e  v e in . P a r ts  of th e  v e in  a re  banded w ith  m ono-m ineralic o r b i -  
m in e ra lic  bands of s u lf id e  and gangue m in e ra ls  (F igu res 13 and i L ) .
None of th e  banded ore re p re se n ts  sim ple c r u s t i f i c a t io n  o f a s in g le  
open s t r u c tu r e ,  b u t suggests continuous re -open ing  of th e  ve in  d u rin g  
m in e ra l iz a tio n .
In  th e  M a rie tta  mine a l im ite d  number o f vugs were found to  con­
t a in  sm all c r y s ta l s  o f q u a rtz  and o c c a s io n a lly  p y r i te  and c a l c i t e .  One 
vug co n ta ined  a sm all c lu s te r  o f m arc as ite  (?) c ry s ta ls  up to  one h a l f  
inch  in  d iam ete r. However, t h i s  a p p a ren tly  i s  an o d d ity  as no o th e r  
occurrence of m arc as ite  was observed.
The M a rie tta  and Gold D ust ve in s randomly p inch  and sw e ll, v a ry ­
ing  in  w idth  from  s e v e ra l  in ch es  up to  about 3 f e e t .  Where th e  d ip  of 
th e  M a rie tta  v e in  decreased , the ve in  has en la rged  to  form  sh o o ts  w ith  
a maximum w id th  o f about 9 f e e t .  The l a r g e s t ,  and econom ically  most 
im p o rtan t, shoot occurs between th e  No. 3 and 5 le v e ls  of the  M a rie tta  
m ine. The e n t i r e  a re a  has been s to p ed , w ith  th e  ex cep tion  of numerous 
p i l l a r  su p p o rts , f o r  a h o r iz o n ta l  d is ta n c e  of about hOO f e e t .  S u lf id e s ,  
gangue, and v a r ia b le  gold  were co n tin u o u sly  p re s e n t in  t h i s  a rea  in
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F ig u re  I l s  Sample from  No* [|. l e v e l  co n ta in in g  b re c c ia te d  
a n d é s ite  (A ), a n k e r i te  b re c c ia  (C ), q u a rtz  b re c c ia  ( q ) ,  and 
gouge (b la c k ) .
UflmiLTOn g[LL [(
F ig u re  12s Specimen from No, h l e v e l .  M a rie tta  v e in . C o n sis ts  
o f a n d é s ite  on bo th  s id e s  o f the  specim en, s i d e r i t e  ( l ig h t  g ra y ) ,  
q u a rtz  (w h i te ) , and p y r i te  (medium g ra y ) .
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w f t m i L T o n
F ig u re  13: M ono-m ineralic banded ore from 503 8tope,
C ontains s p h a le r i te  (Z n), a n d é s ite  (a ) ,  galena  (P b ), 
p y r i t e  (P ) , s i d e r i t e  (C ), and q u a rtz  ( q ) .
F ig u re  lUs Specimen from 507 8tope  c o n s is t in g  o f q u a rtz  
(w h ite ) , p y r i t e  (medium g ra y ) , and coarse  galena (dark  
g ra y ) •
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w id ths rang ing  from 6 in ches up to  9 f e e t .  Between th e  No. 3 and h 
l e v e ls  th e  shoo t was ve ry  d isc o n tin u o u s . In  th i s  a rea  s u l f id e s  and 
gangue a t ta in e d  w id ths up to  about 6 f e e t  and th e  gold and s i l v e r  con­
t e n t  was i r r e g u la r ly  d i s t r ib u te d .  P inching  and sw ellin g  of th e  v e in , 
both  l a t e r a l l y  and v e r t i c a l l y ,  has determ ined th e  p o s i t io n  of the  com­
m erc ia l ore b o d ie s . Only the  w ider p o r t io n s  of th e  v e in  have been 
amenable to  m ining.
Numerous sm a lle r  shoots were p re s e n t in  th e  M a rie tta  mine as 
shown by many d isc o n tin u o u s ly  stoped  a re a s .  Most o f th e  s to p es  a re  now 
f i l l e d  w ith  w aste and a re  in a c c e s s ib le .
L o c a liz a tio n  of ore
The ore  bod ies of th e  M a rie tta  mine have been lo c a liz e d  la rg e ly  
by p re -o re  f a u l t s .  Two ages of f a u l t s  a re  p re s e n t ,  o ld e r  f a u l t s  p ro ­
v ided  channels f o r  the  ore s o lu tio n  movement and d e p o s itio n , and two 
younger s e t s  of c ro s s -c u t t in g  f a u l t s ,  one of which p robab ly  ac ted  as 
dams to  th e  movement of ore form ing f l u id s .
The M a rie tta  and Gold Dust v e in s  a re  in  the  o ld e r  f a u l t s .  Near 
h o r iz o n ta l  p o s t-o re  movement along th e  M a rie tta  s t ru c tu r e  i s  evidenced 
by s l ic k e n s id e s  in  th e  ore and a s s o c ia te d  gouge seam. In  g e n e ra l , th e  
d ip  of th e  s t ru c tu r e  in c re a s e s  towards th e  su rfa ce  (S ec tio n  A-A*,
P la te  I I ) .  Ore w idths up to  9 f e e t  were p re se n t between the  No. L and 
5 le v e ls  where th e  d ip  of th e  s t r u c tu r e  decreased . Between th e  No. 3 
and li le v e ls  th e  s t ru c tu re  i s  s l i g h t ly  s te e p e r  and narrow er w idths o f 
ore (a  maximum of 6 f e e t )  were p re s e n t .  The d ip  of th e  s t ru c tu re  i n ­
c re a se s  between th e  No. 2 and 3 l e v e ls  and th e  maximum w idth  of ore i s  
about 3 f e e t .  This s tro n g ly  su g g ests  th a t  th e  M a rie tta  s t ru c tu re  had
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a th r u s t  component o f movement which p rovided  open space f o r  ore 
d e p o s itio n  where th e  d ip  d ecreased . Although not s tu d ie d  in  d e t a i l ,  
th e  g r e a te r  ore w id ths in  the  Gold Dust ve in  most p robably  r e s u l te d  in  
a s im ila r  manner.
Assuming th a t  p re -o re  movement was s im ila r  to  p o s t-o re  movement, 
th e  M a rie tta  s t r u c tu r e  i s  th e  r e s u l t  o f a s t r ik e  s l i p  f a u l t  w ith  a 
th r u s t  component of movement. P é tro g rap h ie  s tu d ie s  o f a n d é s ite  from 
bo th  s id e s  of the  M a rie tta  ve in  f a i l e d  to  re v e a l any m ajor com positional 
d if f e re n c e s  th a t  may have been u se fu l in  determ in ing  p re -o re  movement 
along  th e  s t r u c tu r e .
The younger, s te e p ly  d ip p in g , s e t s  of f a u l t s  tre n d  e i th e r  n o r th ­
w est o r n o r th e a s t ,  alm ost p e rp e n d ic u la r  to  th e  M a rie tta  s t ru c tu re  
(P la te  I I ) ,  They a re  p re -o re  in  age as shown by m in e ra liz a tio n  c o n tin ­
uing th rough  the  f a u l t s  w ithou t d isp lacem ent b u t o c c a s io n a lly  show m inor 
p o s t-o re  s t r i k e  s l i p  or d ip  s l i p  movement . Northwest tre n d in g  f a u l t s  
a re  p re s e n t  a t  bo th  th e  n o rth  and sou th  ends o f ore sh o o ts . These 
f a u l t s  c o n ta in  gouge and p robab ly  ac ted  as dams, p rev en tin g  the  h o r i ­
z o n ta l sp read  o f v e r t i c a l l y  r i s in g  ore so lu tio n s  along th e  main ore 
channels of th e  M a rie tta  v e in . Some of the  northw est tre n d in g  f a u l t s  
can be p ro je c te d  through s e v e ra l  le v e ls  of th e  m ine. The n o r th e a s t  
tren d in g  f a u l t s  a p p a re n tly  a re  no t im p o rtan t in  ore lo c a l iz a t io n .
Ore shoo t fo rm ation  a t  v e in  in te r s e c t io n s  i s  found a t  only one 
l o c a l i t y .  Where th e  Gold Dust v e in  in te r s e c t s  the M a rie tta  v e in  on th e  
No, h l e v e l ,  a sm all pod of o re  was p re s e n t  (P la te  I I ) ,  However, th i s  
shoo t d id  n o t have a g re a t  v e r t i c a l  e x te n t b u t was confined  to  a sm all
ho
a re a  betw een th e  No. I4 l e v e l  and Sub le v e ls ,  a v e r t i c a l  d is ta n c e  of 
about 10 f e e t .
Veins in  a d ja c e n t a re a
Very l i t t l e  in fo rm atio n  can be ob ta ined  about o th e r  v e in s  in  the  
a re a  mapped. The m a jo rity  of th e  underground workings a re  e i t h e r  com­
p l e t e l y  or p a r t l y  in a c c e s s ib le .  A d e ta i le d  study  of th e  m ineralogy was, 
th e r e fo re ,  no t p o s s ib le .  S u ite s  of rock and ore c o lle c te d  from mine 
dumps and d r i f t s  show a s im i la r i ty  to  th e  M a rie tta  d e p o s it. P o lish ed  
s e c tio n s  from  s e v e ra l  of th e se  workings were s tu d ie d  and w i l l  be d i s ­
cussed  in  a l a t e r  s e c t io n .
The Jackson w orkings, composed o f th re e  l e v e ls ,  occur between 
the  Mason tu n n e l  (P la te  I I )  and th e  ground su r fa c e . They a re  p a r t i a l l y  
a c c e s s ib le  and con ta ined  a ve in  th a t  s t r ik e s  about N. 30^ E. and d ips 
s te e p ly  s o u th e a s t .  The C o tte r  d r i f t ,  a 3 0 0 -foo t c ro s s -c u t  on th e  same 
le v e l  as the  Mason tu n n e l,  c o n ta in s  a ve in  th a t  p robab ly  i s  the  down 
d ip  ex ten sio n  o f the  s t r u c tu r e  observed in  the  Jackson w orkings. On 
th is  le v e l  th e  ve in  s t r ik e s  about N. $0° E. and d ip s 60° SE. W idths of 
ore  up to  2 .5  f e e t  were observed . The Mason tu n n e l (P la te  I I ) ,  develop­
ed as an access  tu n n e l f o r  the  C o tte r  d r i f t  and Jackson w orkings, does 
n o t c ro ssc u t any commercial o re . Some of th e  f a u l t s  in  t h i s  tu n n e l, and 
commonly th roughout the  a re a , a re  s l i g h t l y  m in e ra lize d , and co n ta in  
q u a r tz , ca rbonate  m in e ra ls , and p y r i t e .
The White Horse workings (P la te  I )  a re  b e liev ed  to  be an ex ten ­
s io n  of th e  M a rie tta  v e in  (Reed, 19^1, p . 5 l ) .  This i s  in d ic a te d  by 
sm all p i t s  showing m in e ra liz a tio n  which can be follow ed northw ard along 
the  tre n d  of th e  M a rie tta  v e in  in to  th e  White Horse w orkings. W idespread
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p y r i t i z a t io n  and b lea ch in g  of th e  a n d é s ite  i s  e v id e n t in  the  >/hite 
Horse a re a .  An outcrop  of m assive q u a rtz  abou t 300 f e e t  long and 20 
to  30 f e e t  wide was observed in  t h i s  l o c a l i t y .
A ccording to  Reed (I95l>  p . U9) th e  B u llio n  King lode (P la te  I )
was a sha llow , s te e p ly  in c l in e d  chimney w ith  a p lan  a rea  o f about 25 
square  f e e t .  I t s  long  a x is  plunged no rthw est. None of th e  underground 
w orkings a re  a c c e s s ib le .
A pproxim ately 500 f e e t  of d r i f t  i s  a c c e s s ib le  on the  L i t t l e  Joe 
v e in  (P la te  l ) .  This ve in  s t r ik e s  N, 70^ E. and d ips about 25*̂  NW. I t  
i s  up to  6 inches wide and c o n s is ts  c h ie f ly  of q u a rtz  and ox id ized  s u l ­
f i d e s .
An in c l in e d  s h a f t  a llow s p a r t i a l  access to  th e  L i t t l e  Annie vein  
(P la te  1 ) .  The v e in  s t r ik e s  about N. E. and d ips 30® NW. The ore 
in  th e  a c c e s s ib le  p a r t  of the  mine i s  e n t i r e ly  ox id ized  a lthough  s e v e ra l
s u l f id e  samples were ob ta ined  from th e  dump.
The Jawbone workings (P la te  1) a re  in a c c e s s ib le .  This s t ru c tu re  
a p p a re n tly  was stoped  to  th e  su rfa c e  as numerous p i t s  a re  p re s e n t in  a 
l in e a r  p a t te rn  which s t r i k e  N. 65°W. According to  Corry (1933, p . 20) 
" le n se s"  up to  12 f e e t  wide were mined in  th ese  w orkings.
Numerous o th e r  abandoned mines and p ro sp e c t p i t s  a re  p re s e n t  in  
th e  a re a  mapped. The lo c a t io n  of th e  more ex ten siv e  workings a re  shown 
on P la te  1 . Most of the p ro sp e c t p i t s  and abandoned mines show m iner­
a logy  s im ila r  to  th a t  o f th e  M a rie tta  mine b u t a p p a ren tly  in  non­
commercial q u a n t i t i e s .
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M ineralogy
A d e ta i le d  s tu d y  was made of 26 p o lish ed  se c tio n s  from the  
M a rie tta  and Gold Dust v e in s . One p o lish ed  se c tio n  each from th e  Ja c k ­
son w ork ings. C o tte r  d r i f t .  L i t t l e  Annie v e in , and White Horse workings 
was a ls o  s tu d ie d . Megascopic and b in o c u la r  m icroscope s tu d ie s  o f the  
ore  supplem ented m inera log raph ic  in v e s t ig a t io n .
The m ineralogy  of the  v a rio u s  v e in s i s  s t r ik in g ly  s im ila r .  The 
only  excep tions a re  sm all amounts o f p y r rh o t i te  in  a p o lish ed  s e c t io n  
of th e  W hite Horse o re , and a sm all amount of m olybdenite in  a sp e c i­
men o b ta in ed  from a p i t  a long  the  tre n d  of the  M a rie tta  v e in .
R e la tiv e ly  h igh  grade ox id ized  ore was mined from the  B le v e l  
of the  M a rie tta  mine during  e a r ly  p e rio d s  of developm ent. This le v e l  
i s  in a c c e s s ib le  a t  p re s e n t .  O xidation  in  the a c c e s s ib le  p a r ts  of th e  
mine has n o t been e x te n s iv e  and c o n s is ts  of th e  fo rm ation  of sm all quan­
t i t i e s  of th e  supergene m in e ra ls , a z u r i te ,  m a lac h ite , and c o v e l l i t e .
P roduc tion  reco rd s  from 1901 to  about 19?1 were compiled by Reed 
(19S1 , p . U8-U9 ) and in d ic a te  th a t  the  average recovered  m etal c o n te n t 
from the M a rie tta  mine has been 1.2U oz. go ld , 7*5 oz. s i l v e r ,  and h*^% 
le a d  p e r to n .
Over 100 ore sam ples and about h-0 rock sam ples from the a rea  
mapped were assayed  fo r  b e ry lliu m  w ith  a b e ry lo m ete r. A ll th e  samples 
assayed r e g is te r e d  l e s s  than  0 . 0$#, the  minimum s e n s i t i v i t y  of the  
in s tru m e n t.
M inera ls  p re se n t
Throughout th e  M a rie tta  mine p y r i t e ,  a rs e n o p y r ite , q u a r tz ,
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s i d e r i t e ,  m anganocalc ite , and a n k e r i te  c o n s t i tu te  most o f th e  v e in  
m a te r ia l ,  w ith  ga lena  and s p h a le r i te  secondary in  abundance. C a lc i te ,  
c h a lc o p y r i te ,  te n n a n t i te ,  cuban ite  ( ? ) ,  and n a tiv e  gold occur as minor 
c o n s t i tu e n ts .
Texture
P y r i te  i s  u b iq u ito u s  in  th e  v e in s  bu t lo c a l ly  may be p re s e n t 
only in  m icroscop ic  q u a n t i t ie s .  I t  i s  g e n e ra lly  in te n s e ly  f r a c tu re d .  
These f r a c tu r e s  a re  f i l l e d  by l a t e r  a rs e n o p y r ite , s p h a le r i te  (F ig u re  
IÇ ), g a le n a , gold  (F igu re  l 6 ) ,  c h a lc o p y r ite , and carbonates ( s i d e r i t e ,  
a n k e r i te ,  and m an g an o ca lc ite ). According to  P . H. Sweeney and T. Lee 
( i 960 , p e rso n a l communication) gold con ten t in c re a se s  in  a reas  of 
f r a c tu re d  and f r i a b l e  p y r i t e .  I n  lo c a l  a reas  a decrease  in  gold con­
t e n t  appears to  be in c o n s is te n t ly  and f o r tu i to u s ly  r e la te d  to  p y r i te  
th a t  i s  coated  w ith  a f i lm  of b lack  c la y . An X -ray d if f ra c to m e te r  
p a t te r n  shows th a t  th e  b lack  c la y  i s  p robab ly  a m ixture of k a o l in i te  
and c h lo r i t e .  M egascop ica lly , most of th e  p y r i te  appears m assive; how­
e v e r , euhed ra l cubic c ry s ta l s  rang ing  from m icroscopic  up to  1 .5  inches 
in  d iam eter a re  common.
A rsen o p y rite  i s  p re s e n t  th roughout a l l  of th e  v e in s in  vary ing  
p ro p o r tio n s . The f r a c tu re d  a rs e n o p y r ite  a lso  u s u a lly  co n ta in s  h ig h e r 
than average gold  v a lu e s . F ra c tu re s  in  the  a rse n o p y rite  a re  f i l l e d  
by th e  l a t e r  m in e ra ls , s p h a le r i te  (F ig u res  l5  and 1 7 ), g a lena  (F ig ­
ures 16 and 18) ,  c h a lc o p y r i te ,  carbonate  m in e ra ls , and go ld .
A rsenopyrite  i n  tu rn  f i l l s  f r a c tu r e s  in  p y r i te  (F igu re  1 5 ). Most of 
th e  a rse n o p y rite  i s  m assive; however, e u h ed ra l, e lo n g a te  c r y s ta l s ,  up 
to  1 .5  in ch es lo n g , a re  common and a re  o f te n  arranged  p a r a l l e l  to  each
o th e r  and p e rp e n d ic u la r  to  th e  v e in  w a l ls ,  in d ic a t in g  a f i s s u r e  f i l l i n g  
p ro cess  of m in e ra l iz a tio n . Small need les and rhombic shaped c ry s ta l s  
o f a rs e n o p y r ite  a re  commonly observed in  p o lish ed  s e c tio n s  (F igu re  1 9 ).
S p h a le r i te  occurs in  sm all q u a n ti t ie s  in  a l l  o f the  v e in s . Gen­
e r a l ly  th e  s p h a le r i te  i s  f in e  g ra in e d , b u t cleavage fa c e s  up to  0 . 2^ 
inches in  d iam eter were o c c a s io n a lly  observed . The c o lo r  o f th e  
s p h a le r i te  v a r ie s  from abundant q u a n t i t ie s  which a re  dark re d d ish  
b lack  to  sm all amounts of red d ish  brown c o lo r . The dark i ro n  r ic h  
s p h a le r i te  has a dark red  in te r n a l  r e f le c t io n  under th e  m icroscope and 
th e  l i g h t e r  c o lo re d , i ro n  p o o r, s p h a le r i te  has a yellow  in te r n a l  r e f l e c ­
t io n .  The dark  and l i g h t e r  co lo red  s p h a le r i te  g ra in s  a re  in tim a te ly  
in te rg ro w n  and no evidence f o r  a d e p o s itio n a l  tim e d if fe re n c e  could be 
observed . S p h a le r i te  v e in s  and re p la c e s  the  e a r l i e r  a rse n o p y rite  (F ig ­
ure 18 ) ,  q u a r tz ,  and p y r i t e .
M egascop ically  v i s ib le  c h a lc o p y r ite  i s  n o t p re se n t in  any of th e  
v e in  m a te r ia l .  C h a lco p y rite  was observed to  be m ic ro sc o p ic a lly  w ide­
sp read  in  2h o f th e  30 p o lish e d  se c tio n s  s tu d ie d . I t  i s  con ta ined  
e i t h e r  as in c lu s io n s  in  s p h a le r i te  (F igure  20), as i r r e g u la r  g ra in s  and 
v e in le ts  in  or a d ja c e n t to  e a r l i e r  m in e ra ls , o r b o th .
The c h a lc o p y r ite  occurrence  and te x tu re  were s tu d ie d  in  d e t a i l  to  
determ ine mode o f o ccu rren ce . Less than  0̂% of th e  c h a lc o p y r ite  i s  
p re s e n t  as  in c lu s io n s  in  s p h a le r i t e .  C h a lco p y rite  g ra in s  and v e in le ts  
a re  p re se n t along s p h a le r i te  g ra in  b o u n d a rie s , where rep lacem ent common­
ly  o ccu rs . Both th e  d a rk e r  and l i g h t e r  co lo red  s p h a le r i te  co n ta in s  
c h a lc o p y r ite  in c lu s io n s  b u t n o t a l l  s p h a le r i te  g ra in s  co n ta in  v is ib le  
c h a lc o p y r i te . There i s  no sy s te m a tic  d i s t r ib u t io n  of c h a lc o p y rite  in
s p h a le r i t e ,  A sm all p e rcen tag e  of th e  c h a lc o p y rite  in c lu s io n s  are  
p re s e n t  as narrow , e lo n g a te  rods w ith  a p re fe r re d  o r ie n ta t io n  in  th e  
s p h a le r i te  (F igu re  20 ), Some of th e se  e longate  in c lu s io n s  have m atching 
w a l ls .  Baker ( i 960 , p , 393) noted in  h is  study of e x so lu tio n  chalcopy­
r i t e  in  s p h a le r i te  th a t  th e  ends of the  e longa te  in c lu s io n s  are  en la rg ed , 
su g g estin g  t h a t  th e  ends of th e  rods d ra in ed  c h a lc o p y rite  from a la r g e r  
a re a .  He a ls o  found abundant t in y  i r r e g u la r  c h a lc o p y rite  g ra in s  
th ro u g h o u t the  s p h a le r i te  and th e se  were e s p e c ia l ly  numerous c lo se  to  
th e  e lo n g a te  in c lu s io n s .  With a few ex ce p tio n s , th e  ends of th e  rod 
l ik e  in c lu s io n s  tend  to  p inch  out r a th e r  than show en largem en ts. Very 
l i t t l e  of th e  c r i t e r i a  f o r  exsolved c h a lc o p y rite  given by Baker were 
no ted  in  th e  p re s e n t  s tu d y . I t  was concluded th a t  th e re  i s  n o t enough 
r e l i a b l e  ev idence to  determ ine i f  th e  c h a lc o p y r i te - s p h a le r i te  r e l a t i o n ­
sh ip  i s  due to  rep lacem en t, e x s o lu tio n , c o -p r e c ip i ta t io n ,  o r a combina­
t io n  of two o r more of th e se  p ro c e sse s .
M icrochem ical e tc h  t e s t s  as o u tlin e d  by Short (19U0 , p . 158) 
in d ic a te  th a t  m inor amounts of c u b an ite  (?) a re  p re s e n t in  the  M a rie tta  
v e in , Cubanite (?) occurs as g ra in s  v i s ib le  only under m ag n ifica tio n s  
of X 250 or g r e a te r  and i s  in v a r ia b ly  a s so c ia te d  w ith  a sm all g ra in  of 
c h a lc o p y r ite . The a s s o c ia te d  g ra in s  a re  p re s e n t as f r a c tu re  f i l l i n g s  
in  p y r i te  and a rs e n o p y r i te .
T en n an tite  was i d e n t i f i e d  in  f iv e  of th e  p o lish e d  se c tio n s  
s tu d ie d  on th e  b a s is  o f m icrochem ical t e s t s  o u tlin e d  by S h o rt (I9h0 , 
p . 260- 263)0 I t  occurs in  very  m inor q u a n t i t ie s  as g ra in s  le s s  than  
0 .1  mm in  d iam eter as in c lu s io n s  in  galena  (F igu re  2 1 ), p y r i t e ,  and 
a rs e n o p y r i te . T en n an tite  i s  a p p a re n tly  e a r l i e r  than  ga lena  as shown
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by c o rro s io n  of the  te n n a n ti te  g ra in s*
G alena g e n e ra lly  occurs as f in e ly  c r y s ta l l in e  masses th roughout 
th e  veins*  In  th e  l a r g e r  shoots coarse  galena w ith  curved c leavages 
fa c e s  up to  0*5 inches ac ro ss  a re  common (F igu re  iL ) . M e ta llu rg ic a l 
t e s t s  perform ed on th e  ore during  design  of th e  m il l  confirm ed th a t  th e  
ga lena  i s  a rg e n tife ro u s*  S i lv e r  m inerals were not observed in  th e  p o l­
ish e d  se c tio n s  s tu d ie d . Galena f i l l s  f r a c tu re s  i n ,  and re p la c e s , p y r i te ,  
a rs e n o p y r ite  (F ig u re s  l 6 , l 8 , and 2 1 ), s p h a le r i te  (F igure  19) and 
quartz*
N ative  go ld  i s  p re s e n t  as ex trem ely  f in e  p a r t i c l e s ,  c h ie f ly  in  
m ic ro fra c tu re s  in  p y r i te  and a rs e n o p y r ite  (F igu re  l 6 ) .  R a re ly , specks 
of gold  a re  obse rvab le  in  m ic ro fra c tu re s  in  q u a rtz  and as sm all g ra in s  
in  c o n ta c t w ith  c h a lc o p y r i te . About 80$ to  85^ of the  gold in  the  ore 
i s  p re s e n t  as f r e e  go ld  and th e  rem ainder i s  in co rp o ra te d  in  th e  p y r i te  
and a rs e n o p y r ite  s t r u c tu r e s  (Sweeney and L ee, I 960, p e rso n a l communica­
t io n )  .
Q uartz i s  abundant th roughout th e  v e in s and i s  u s u a l ly  m assive 
and m ilky w hite  (F ig u res  12 and 1 3 ). C le a r , euhed ra l c r y s ta l s  o f th e  
m in e ra l, rang ing  from m icroscopic s iz e  up to  1 in ch  long , a re  commonly 
seen in  vugs, hand specim ens, and in  p o lish ed  s e c t io n s .  Most o f th e  
m assive q u a r tz ,  and in  some cases th e  eu h ed ra l q u a r tz , i s  f r a c tu re d  
and has been re p la c e d  by th e  r e s t  o f th e  ve in  form ing m in e ra ls . Q uartz 
a ls o  has re p la c e d  most o f th e  l a t e r  m in e ra ls  (F ig u res 15, l 6 , and 1?)* 
X -ray  d i f f r a c t i o n  s tu d ie s  rev ea led  t h a t  s i d e r i t e ,  a n k e r i te ,  man­
g a n o c a lc ite , and c a l c i t e  a re  th e  carbonate  m inera ls  p re s e n t  in  the 
M a rie tta  mine* S id e r i t e  i s  th e  most abundant and i s  l i g h t  ta n  in  c o lo r
hi
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F ig u re  l$ j  P o lish e d  se c tio n  No. M-^-33 from No. 5 le v e l, 
A rsen o p y rite  (A) f i l l i n g  e a r ly  f r a c tu re  in  p y r i te  (P ) , 
fo llow ed  by f r a c tu r in g .  S p h a le r i te  (Zn) and q u a rtz  (q) 
f i l l i n g  in  th e  l a t e r  f r a c tu r e s ,  x  60 .
y
F igu re  l 6 s P o lish e d  s e c tio n  No. M-5-8 from No. 5 l e v e l .  
G alena (Pb) and q u a rtz  (q ) f i l l i n g  f r a c tu re s  i n ,  and r e p la c ­
in g , p y r i te  (P) and a rs e n o p y r ite  (A ). Gold (Au) a ls o  p re s e n t 
as f r a c tu re  f i l l i n g ,  x 60 .
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F ig u re  l ? î  P o lish e d  se c tio n  No. M-? -8  from No. $ l e v e l .  Q uartz 
(dark  g ray ) f i l l i n g  f r a c tu re s  and re p la c in g  a rse n o p y r ite  (A) and 
p y r i t e  (P ) . x 60.
F ig u re  18s P o lish e d  s e c t io n  No. M-^-28 from No. L l e v e l .  
F ra c tu re d  a rs e n o p y r ite  (a ) b e in g  rep laced  by s p h a le r i te  (Zn) 
and ga lena  (P b ) . x  60 .
m
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F igu re  19s P o lish e d  s e c tio n  No. M-h-3  from No. L le v e l,  
Galena (Pb) re p la c in g  s p h a le r i te  (Z n ). Tiny g ra in s  in  
s p h a le r i te  a re  c h a lc o p y r ite . Note euhedra l o u tlin e  of 
a rs e n o p y r ite  (A) and some of th e  p y r i te  (P ) . x 60.
F ig u re  20s P o lish e d  s e c t io n  No. from No. k l e v e l .
C h a lco p y rite  (w h ite ) in  s p h a le r i te  (d a rk  g ray) as o r ie n te d  
and random ly d i s t r ib u te d  in c lu s io n s ,  x 60 .
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F ig u re  21s P o lish e d  s e c tio n  from C o tte r  d r i f t  (Cot* D r.)*  
Galena (Pb) re p la c in g  p y r i te  (P) and p o s s ib ly  co rrod ing  ten* 
n a n t i t e  (T e ) , q u a rtz  ( q ) ,  and s p h a le r i te  (Z n). x 60.
F igu re  22s P o lish e d  s e c t io n  No. M-L-58 from No. L l e v e l .  
S id e r i te  (medium gray) re p la c in g  galena  ( l i g h t  gray) a long  
c le av a g es . S id e r i t e  g ra in s  d issem in a ted  outward from v e in le ts ,  
Holes in  s e c t io n  a re  b la c k , x  60 .
Galena
S id e rite
A nkerite
Manganocalcite
C a lc ite
Gold
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Q uartz
P y r i te
A rsen o p y rite  
S p h a le r i te  
C h a lc o p y rite  
C ubanite (?)
? • ?
Tennantite
F igure  23s P a ra g e n e tic  diagram  and r e l a t iv e  abundance of vein  
form ing m in e ra ls  in  the  M a rie tta  mine*
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and f in e  to  c o a rse ly  c r y s t a l l i n e .  A nkerite  and m anganocalcite a re  
f in e  g ra in ed  and ch a lk y . Both th e se  m inerals a re  w hite  b u t mangano­
c a l c i t e  commonly has a s l i g h t  p in k ish  c a s t .  S id e r i t e ,  a n k e r i te , and 
m anganocalc ite  v e in  and re p la c e  galena along c leav ag es , and by outward 
in c ip ie n t  replacem ent from carbonate  v e in le ts  (F igure 2 2 ). C a lc ite  i s  
n o t abundant and i s  only  found as sm all c ry s ta l s  in  vugs or on cleavage 
p lan e s  of ga lena  and i s  th e re fo re  considered  to  be a l a t e  m in e ra l. 
P a rag e n es is
The p a ra g e n e tic  sequence of th e  vein  form ing m inera ls  in  th e  
M a rie tta  mine i s  summarized in  F igu re  23. Quartz was th e  f i r s t  m ineral 
d e p o s ite d  in  th e  v e in s  w ith  subsequent p y r i te  and l a t e r  a rs e n o p y rite  
d e p o s itio n . • C onsiderab le  overlap  o f q u a rtz , p y r i t e ,  and a rse n o p y rite  
d e p o s itio n  i s  shown by f r a c tu re  f i l l i n g  and replacem ent te x tu re s  in  
p o lish e d  s e c t io n s  o f th e  ore (F igu res 15 and 17 ). Q uartz and p y r i te  
appear to  have been d e p o s ite d  in  sm all amounts throughout the  e n t i r e  
m in e ra liz in g  p e r io d , as shown by c ro s s -c u tt in g  r e la t io n s h ip s  in  th e  
younger m in e ra ls .
Movement a long  the  v e in  s t ru c tu re  f ra c tu re d  the  e a r ly  q u a r tz , 
p y r i t e ,  and a rs e n o p y r i te .  These f r a c tu re s  were then  f i l l e d  by sp h a l­
e r i t e  which a ls o  re p la c e d  th e  h o s t m in e ra ls . I t  could no t be determ ined 
w hether c h a lc o p y r ite  re p la c e d , exsolved  from , or c o -p re c ip i ta te d  w ith  
s p h a le r i te ,  o r  i f  a com bination of these  p rocesses  occu rred .
Owing to  th e  p a u c ity  of cu b an ite  (?) and te n n a n t i te ,  t h e i r  r e l a ­
t iv e  p o s i t io n  in  th e  p a ra g e n e tic  sequence could no t be d e f in i te ly  
determ ined . However, th ey  appear to  have been d ep o sited  a f t e r  sp h a l­
e r i t e  and befo re  g a lena .
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Galena i s  th e  n ex t m ineral in  the  p a ra g e n e tic  sequence* I t  has 
r e p la c e d , and f i l l e d  f r a c tu re s  i n ,  a l l  the  m ajor o ld e r  m inerals*  The 
ca rbonate  m inerals ( s i d e r i t e ,  a n k e r i te ,  and m anganocalcite) were de­
p o s i te d  a f t e r  galena* A p a ra g en e tic  sequence f o r  th ese  carbonate  
m in e ra ls  was no t p o s tu la te d  owing to  lac k  of evidence* The carbonate  
m in e ra ls  have v ig o ro u s ly  rep laced  galena (F igure  22) and th e  o ld e r  
m in e ra ls  (q u a r tz , p y r i te ,  arsenopyi* ite , and s p h a le r i te ) .
The carbonate  m inera ls  have been p a r t i a l l y  rep laced  by a l a t e  
s ta g e  of p y r i te  and q u a rtz , which a re  a lso  p re s e n t as euhed ra l c r y s t a l s ,  
p a r t i a l l y  f i l l i n g  vugs. The e a r ly  stage  of q uartz  i s  g e n e ra lly  m ilky 
w hite  whereas th e  l a t e  s tage  c h ie f ly  c o n s is ts  o f c le a r  euhed ra l c ry ­
s t a l s .  C a lc ite  i s  a lso  a l a t e  s tag e  m ineral and can be observed only 
in  vugs and o c c a s io n a lly  as f ilm s  on cleavage p lanes of galena*
A l a t e  f r a c tu r in g  of th e  v e in  m inerals occurred  b e fo re  the  de­
p o s i t io n  of g o ld , which p robab ly  was th e  l a s t  m ineral to  be d e p o s ite d . 
F ra c tu re s  t h a t  c o n ta in  gold  can be fo llow ed through a l l  o f th e  major 
e a r l i e r  m in e ra ls , excep t l a t e  q uartz  and c a lc i t e .
M ineral zo n a tio n
The ca rbonate  m in e ra ls , s i d e r i t e ,  a n k e r i te , and m anganocalcite , 
a re  v e r t i c a l l y ,  b u t no t h o r iz o n ta l ly ,  zoned in  th e  M a rie tta  v e in . There 
i s  no v e r t i c a l  o r h o r iz o n ta l  zonation  of any of th e  o th e r  m inerals*
A n k e rite  and m anganocalcite  were d i f f e r e n t ia te d  by X -ray d i f f r a c ­
t io n  study  owing to  t h e i r  m egascopic s im ila r ity *  Since s id e r i t e  i s  
m egascop ically  i d e n t i f i a b le  on ly  those  samples th a t  p o ss ib ly  con ta ined  
one o f th e  o th e r  carbonate  phases were s tu d ie d  by X -ray d i f f r a c t io n .
The 28 carbonate  m in e ra l sam ples s tu d ie d  by X -ray d i f f r a c t io n  in c lu d ed
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seven samples from th e  No* 5 le v e l ,  f iv e  samples from th e  No. h l e v e l ,  
and 16 samples from th e  No. 3 le v e l  of th e  M a rie tta  m ine.
S id e r i t e  i s  th e  dominant carbonate  m inera l on the  No. U and 5 
le v e ls  of th e  mine. Two samples from th e  No. ^ le v e l  co n ta ined  mangano­
c a l c i t e .  One sample from th e  l;21 s to p e , about 10 f e e t  above th e  No. L 
l e v e l ,  con ta ined  a n k e r i te .  The r e s t  of the carbonate  samples X-rayed 
from th e  No. h and 5 le v e ls  of the  mine con ta ined  only s i d e r i t e .  X -ray 
d i f f r a c t i o n  p a t te rn s  of I 6 samples from th e  No. 3 le v e l  showed one 
occurrence of s i d e r i t e ,  one occurrence of s id e r i t e  and m anganocalcite , 
th re e  occu rrences of m anganocalc ite , fo u r  occurrences of a n k e r i te  and 
m anganoca lc ite , and seven occurrences of a n k e r i te .
In  summary, s i d e r i t e  i s  en riched  in  th e  lower le v e ls  w hile  ank­
e r i t e  and m anganocalcite  a re  confined  to  the  upper le v e ls  of th e  M a rie tta  
v e in . Lack o f samples above the No. 3 le v e l  p reven ted  a s tudy  of the  
carbonate  phase in  th i s  a re a .
Tem perature of ore d e p o s itio n
The v e r t i c a l  zo n atio n  o f the  carbonates d esc rib ed  in  th e  p re ­
ceding s e c tio n  in d ic a te s  a tem pera tu re  g ra d ie n t in  the  M a rie tta  ve in  
during  m in e ra l iz a tio n . According to  Rosenberg (1959, p . I 66Î4.) th e  
com position of a n k e r i te  in  eq u ilib riu m  w ith  s i d e r i t e  and c a lc i t e  i s  
dependent on tem pera tu re  and a p o s s ib le  a p p lic a tio n  in  geothermometry 
i s  su g g ested . U n fo rtu n a te ly , p ressu re -te m p e ra tu re  r e la t io n s h ip s  in  the 
system CaCO^-MgCO^-FeCO^^nCO^ a re  only vaguely  known. Rosenberg ( 196O, 
p . 1959) s t a te s  t h a t  i t  i s  now p o s s ib le  to  c o n s tru c t a p re lim in a ry , 
iso th e rm a l, q u a te rn a ry  diagram  of th e  above system . However, t h i s  i s  
i n s u f f i c i e n t  to  determ ine th e  tem pera tu re  range of the  carbonate
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assem blage found in  th e  M a rie tta  v e in . Shaw * s (1959» p . l6yU-l685) 
s tu d y  of th e  carbonates in  th e  Bunker H il l  m ine, Idaho , shows th a t  a 
zo n a tio n  of the carbonates e x i s t s .  S id e r i te  i s  most abundant in  and 
near th e  v e in s , a n k e r i te  becomes abundant s h o r t  d is ta n c e s  from the 
v e in s , and c a l c i t e  i s  no c lo s e r  than  200 f e e t  from th e  v e in s . Shaw 
proposes t h a t  t h i s  carbonate  d is t r ib u t io n  can be tra c e d  to  hydrotherm al 
d i f f e r e n t i a t i o n  during  m in e ra liz a tio n .
Phase s tu d ie s  by C lark  (I960 , p . 1371-1379) on th e  Fe-As-S 
system  show t h a t  p y r i te  and a rse n o p y rite  cannot c o -e x is t  as a s ta b le  
p a i r  above L91^/ 12°C a t  1 b a r  co n fin in g  p re s su re , p ro v id in g  th e  vapor 
was s a tu r a te d .  The slope  of the  upper s t a b i l i t y  curve of the  p y r i t e -  
a rs e n o p y r ite  assem blage i s  about 1.8^0 p e r  100 b a rs  co n fin in g  p re ssu re  
(C la rk , i 960, p . I 6U2 ) .  The same au tho r (p . 137U) s t a te s  th a t  p y r i te  
and a rs e n o p y r ite  can c o -e x is t  in  e q u ilib riu m  a t  tem pera tu res between 
U91^/ 12^C and some unknown low er l im i t .  T here fo re , th e  maximum tem­
p e ra tu re  of the  ore so lu tio n s  during  d e p o s itio n  o f p y r i te  and a rsen o ­
p y r i te  in  th e  M a r ie t ta  mine must be about h91^ /  12°C.
Comparison w ith  other Deposits
The geology of th e  numerous veins in  the  a rea  mapped appears to  
be s im ila r  to  th a t  of the  v e in s  in  the  M a rie tta  mine. Some o f th e  o u t­
ly in g  v e in s , however, a re  a s so c ia te d  w ith  exposed in t r u s iv e  ro ck s . The 
a s s o c ia t io n  of th e  ore d e p o s its  w ith  in tru s iv e  and e x tru s iv e  rocks 
th roughout th e  E lkhorn M ountains suggest th a t  the m in e ra liz a tio n  in  the 
M a rie tta  mine i s  g e n e t ic a l ly  r e la te d  to  th e  magma from which th e  i n t r u ­
s iv e  and e x tru s iv e  rocks in  th e  a rea  o r ig in a te d .
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Knopf (1931, p . 11) s t a te s  th a t  th e  o re d e p o s its  of th e  Helena 
m ining reg io n  a re  re p la c e m e n t-f is su re  lodes commonly enclosed  in  andé­
s i t e  or in t r u s iv e  rocks and co n ta in in g  p y r i t e ,  a rs e n o p y r ite , ga len a , 
and s p h a le r i te  as th e  p r in c ip a l  s u l f id e s ,  and tourm aline as one of th e  
gangue m in e ra ls . Tourm aline, however, i s  n o t a u b iq u ito u s  m inera l 
th roughou t th e  re g io n . Pardee and Schrader (1933, p . 196) agreed w ith  
Knopf and f u r th e r  s ta te d  th a t  a c h a r a c te r i s t ic  z o n a tio n a l tren d  in  the  
re g io n  i s  the  in c re a se  in  th e  p ro p o rtio n  of quartz  to  s u l f id e s  w ith  
d e p th . The M a rie tta  mine g e n e ra lly  f i t s  the  above d e s c r ip tio n s  w ith  
th e  ex cep tion  o f a la c k  o f tourm aline and a q u a r tz - s u lf id e  zo n a tio n . 
However, deeper e x p lo ra tio n  o f th e  M a rie tta  mine may re v e a l the  p re ­
sence of a q u a r tz - s u l f id e  z o n a tio n .
The M a rie tta  ore i s  g e n e ra lly  s im ila r  to  th e  " ty p ic a l  ep ith erm a l 
d e p o s its "  d e sc rib e d  by Schm itt (1950, p . 192-19Ü). In  ep ith erm al de­
p o s i t s  th e  lo d es are  g e n e ra lly  enclosed  in  a l te r e d  a n d e s it ic  rocks of 
about th e  same age and occupy f a u l t s  in  which f i s s u r e  f i l l i n g  predomi­
n a te s  over rep lacem en t. T exture and m ineralogy i s  s im ila r  to  M a rie tta  
o re . The M a r ie t ta  mine, however, co n ta in s  more s u lf id e s  and le s s  q uartz  
than  th e  "norm al" e p ith e rm a l d e p o s it .  In c re a s in g  f i s s u r e  com plexity 
upward and downward bottom ing in to  a b a rre n  zone, common in  ep itherm al 
ore d e p o s i ts ,  i s  n o t observab le  in  the  M arie tta  a rea  owing to  e ro sio n  
and lac k  of e x p lo ra tio n  a t  d ep th .
Igneous a c t i v i t y  and a s so c ia te d  ore d e p o s itio n  in  th e  Boulder 
b a th o l i th  can be d iv id ed  in  th re e  p e rio d s  (B i l l in g s le y  and Grim es, 191%, 
p . 288- 292) .  These th re e  p e rio d s  a re :  ( l )  an e a r ly  a n d é s ite  p e rio d
(upper C re taceo u s), (2) a g r a n i te  p e rio d  (low er T e r t ia r y ) ,  and
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(3 ) a r h y o l i t e  p e rio d  (p robab ly  O ligocene)* During th e  g r a n i t ic  p e rio d  
th e  Boulder b a th o l i th  and th e  l a r g e s t  number and the most v a rie d  types 
of o re d e p o s its  were emplaced. The In d ia n  Creek reg io n  i s  l i s t e d  as 
one of th e  d i s t r i c t s  t h a t  p robab ly  was m in e ra lized  during  the  g r a n i t ic  
p e rio d  (B i l l in g s le y  and Grim es, 1918, Appendix B ).
M in e ra liz a tio n  in  the  M a rie tta  a rea  i s  considered  by the au th o r 
to  be g e n e t ic a l ly  r e la te d  to  the  magma from which th e  Elkhorn Mountains 
v o lc a n ic s  and a s so c ia te d  b a s ic  in tru s iv e  rocks in  th e  a rea  o r ig in a te d . 
This phase of igneous a c t i v i t y  occurred  during  the  a n d é s ite  p e rio d  and 
th e r e f o r e ,  i t  i s  reaso n ab le  to  assume th a t  the m in e ra liz a tio n  in  the  
M a rie tta  a re a  was s tim u la te d  by th i s  igneous p e rio d . Numerous e p i th e r ­
mal ore d e p o s i ts  th roughou t th e  world a re  considered  to  be g e n e t ic a l ly  
a s s o c ia te d  w ith  b a s ic  e x tru s iv e  ro ck s , and s p e c i f ic a l ly  w ith  a l te r e d  
a n d é s ite s  s im ila r  to  those  of the  M a rie tta  a re a . Examples of these  
ep ith e rm a l d e p o s its  a re :  th e  San Juan d i s t r i c t  (Moehlman, 1936, p .
377-397, h88-50l;)j th e  Pachuca s i l v e r  d i s t r i c t ,  Mexico (W isser, 1937, 
p . iil;2-h86)| and the  Tonapah m ining d i s t r i c t ,  Nevada (Nolan, 1935, 
p . 28-l|6 ) .
S uggestions f o r  P ro sp ec tin g  in  the  M a rie tta  Area
The M a rie tta  and Gold Dust v e in s  below the  No. 5 l e v e l ,  and the  
northward e x te n s io n  o f th e  M a r ie t ta  v e in  on th e  No. Î4. l e v e l ,  a re  co n sid ­
ered a reas th a t  a re  most l i k e l y  to  c o n ta in  undiscovered  o re . The 
M a rie tta  s tru c tu re  ex tends a minimum of I4OO f e e t  f u r th e r  n o rth  on th e  
su rfa c e  and B le v e l than  th e  known n o rth e rn  e x te n t of th e  s t ru c tu re  on 
the  No. U le v e l  (P la te  I I ) .  The d if fe re n c e  in  e le v a tio n  between the  B
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and No. i; l e v e ls  i s  about 2l;5 f e e t .  T h ere fo re , one may expec t th e  
s t r u c tu r e  to  con tinue  northw ard on th e  No. It l e v e l .  E x p lo ra to ry  d r i f t ­
in g  on, and r a is in g  from , th e  No. U le v e l  appears to  be th e  most f e a s ib le  
method of de te rm in ing  th e  e x is te n ce  of ore n o rth  o f the  p re s e n t e x te n t 
of th e  No. h l e v e l .
E x p lo ra to ry  work i s  p re s e n tly  in  p ro g ress  on th e  Mason tunnel 
l e v e l .  This c o n s is ts  of northw ard d r i f t i n g  in  o rder to  exp lo re  a pos­
s ib le  westward and deeper ex ten sio n  of the  L i t t l e  Annie v e in  (P la te  l ) ,  
and th e  Gold Dust and M a rie tta  v e in s  a t  depth  (P la te  I I ) ,  The d i f f e r ­
ence in  e le v a t io n  between th e  Mason tu n n e l le v e l  and th e  No. 5 le v e l  
of th e  M a rie tta  mine i s  about 300 f e e t  (P la te  I I ) ,
F u r th e r  e x p lo ra to ry  work on th e  su rface  may prove f r u i t f u l ,  
e s p e c ia l ly  along th e  tre n d  of the  M a rie tta  v e in . Lack o f outcrops 
and heavy s o i l  cover would e n t a i l  removing the  overburden by r e l a t i v e ly  
inexpensive  m ethods.
The e x p lo ra to ry  work d e sc rib e d  in  t h i s  s e c tio n  w i l l  invo lve  h igh  
c a p i ta l  r i s k  b u t  i t  i s  g e n e ra l ly  agreed  th a t  mining e x p lo ra tio n  must be 
venturesom e, w ith in  rea so n a b le  economic l im i t s ,  i f  new ore bodies are  
to  be found.
REFERENCES CITED
B aker, A. I I I ,  I960 , C h a lco p y rite  Blebs in  S p h a le r ite  a t  Johnson 
Camp, A rizona: Econ. G e o l., V. 55, p . 387-398.
B i l l in g s le y ,  P . ,  1915, The Boulder B a th o lith  of Montana: Am. In st*
Min. M et. Eng. T ra n s ., V. 5 l ,  p . 31-56.
and Grim es, J .  A ., 1918, Ore D eposits of th e  
B oulder B a th o li th  of Montana: Am. In s t*  Min. Met. Eng. T ra n s .,
V. 58, p . 28L-368.
C la rk , L. A ., I9 6 0 , The Fe-As-S System: Phase R e la tio n s  and A pplica­
t io n s :  Econ. G e o l., V* 55, p . 13L5-1381.
C orry , A. V ., 1933, Some Gold D eposits o f B roadw ater, Beaverhead,
P h i l l i p s ,  and Fergus C o u n tie s , Montana: Montana Bur. of Mines
and Geology Mem. 10, p . 1 -^5 .
E ng ineering  and M ining Jo u rn a l , 1961, V. l6 2 , p . 130.
Freeman, V. L . ,  R uppel, E. T . ,  and K lepper, M. R ., 1958, Geology of
P a r t  of th e  Townsend V a lle y , Broadwater and Je f fe rs o n  C oun ties, 
Montana: U. S* Geol. Survey Bull* 10l|2-N*
H ess, H. H ., 19Ul, Pyroxenes of Common Mafic Magmas: Am* M in ., V. 26,
p . 515-535, 573-59U.
K lepper, M. R ., Weeks, R. A*, and Ruppel, E, T .,  1957, Geology of th e  
Sou thern  E lkhorn M ountains, J e f fe rs o n  and Broadwater C oun ties , 
Montana: U. S. G eol. Survey P ro f . Paper 292.
Knopf, A ., 1913 , Ore D eposits  of th e  Helena Mining Region, Montana:
U. S. G eol. Survey B u l l .  527.
Moehlman, R. S . ,  1936, Ore D ep o sitio n  South of Ouray, Colorado: Econ*
Geol*, V. 31 , P<* 377-397, U88-50l|.
Moorhouse, W. W*, 1959, The S tudy of Rocks in  Thin S ec tio n : H arper and
B ro th e rs , New York, L93 PP*
Nolan, T, B ., 1935, The Underground Geology of the  Tonapah Mining
D i s t r i c t ,  Nevada: U n iv e r. Nevada B u ll. No. 5 , p . 28-L6.
Pardee, J .  T . , and S ch rad e r, F . C ., 1933, M e ta llife ro u s  D eposits of
the  G re a te r  Helena M ining R egion, Montana: U. S. G eol. Survey
B u ll. 8U2,
59
60
Reed, G. G ., 19$1, Mines and M inerai D eposits (Except F u e ls ) ,
B roadw ater County, Montana: U, S. Bur. Mines I n f .  C ir .  7^92,
Rosenberg, P , E ,,  19^9, Subs o l i dus R e la tio n s  on th e  Jo in  CaMg(C0^)2-
CaFe(00^)2 of th e  System GaCO^^MgCO^-FeCO^? G eol. Soc. America 
B u ll» , V. 70 , p . I 66U, ( a b s t r a c t ) .
i 960 . S u b so lidus S tu d ies  in  th e  System CaCO^-MgCO^- 
FeCO^ and t h e i r  R e la tio n  to  th e  Q uaternary System CaCO^-MgCO^- 
FeCO^-MnCO^s G eol. Soc. America B u l l . ,  V. 71, p . 1959, ( a b s t r a c t ) ,
S ah inen , U, M., 1959, M e ta llife ro u s  D eposits in  th e  Helena A rea, Montana: 
B i l l in g s  G eol. Soc. Guidebook, 10th Ann. F ie ld  C o n f., p . 129-lLO.
S ch m itt, H ., 1950, O rig in  of the  "E pitherm al" M ineral D ep o sits : Econ.
G e o l., V. U5, p . 191- 200.
Shaw, H. R ., 1959 , Phase S tu d ies  in  th e  F e - r ic h  Carbonates of th e  
Bunker H i l l  Mine, Idaho : G eol. Soc. America B u l l . ,  V. 70, 
p . I 67U -I675, ( a b s t r a c t ) .
S h o r t , M. N ., I 9U0 , M icroscopic D eterm ination  of th e  Ore M inera ls:
U. S. G eol. Survey B iA l. 9lU«
S tone , R. W., 1911, G eologic R e la tio n s  of Ore D eposits in  the  E lkhorn 
M ountains, Montana: U. S. G eol. Survey B u ll. U70.
Wade, W. R ., 196O, A rsen ic  Problem of M a rie tta  Gold Ore F in a l ly  Solved 
by S e le c tiv e  F lo ta t io n ;  Min. W orld, V, 22, No. 10, p . 38-U l.
W isser, E ., 1937, Form ation o f  th e  N orth-South  F ra c tu re s  of the  R eal 
Del Monte A rea, Pachuca S i lv e r  D i s t r i c t ,  Mexico: Am. I n s t .
Min. M et, Eng. T ra n s ,,  V. 126, p . Hii2-l486.
ADDITIONAL REFERENCES
Bas t i n ,  A. M ., G ra ton , L , C ., L indgren , W., Newhonse, W. H*, Schw artz,
G. M., and S h o r t, M, N ., 1931, C r i te r ia  of Age R e la tio n s  of 
M inerals w ith  S p e c ia l Reference to  P o lished  S ec tions of O res:
Econ. G e o l., V. 26, p . ^6 l-6 lO .
C a rp e n te r , R. H ., 19$^, Geology and Ore D eposits of the  R osario  M ining 
D i s t r i c t  and the  San Ju a n c ito  M ountains, Honduras, C e n tra l 
America: G eol. Soc, America B u l l . , V. 6^, p . 23-38.
C o a ts , R. R ., I 9U0 , P ro p y l i t iz a t io n  and R ela ted  Types of A lte ra t io n  on 
th e  Comstock Lodes Econ, G e o l., V. 35, p . I - I 6 .
Haynes, W. P . ,  1916, The Lombard O v e rth ru s t and R ela ted  Geologic 
F e a tu re s ;  J o u r .  G e o l., V, 2)4, p . 269-290.
Howe, E .,  I 92Ü, The Gold Ores of Grass V a lle y , C a lifo rn ia :  Econ.
G e o l,, V, 19 , p . 595-622.
Howie, R. A ., and B ro ad h u rs t, F. M ., 1958, X -ray Data f o r  Dolomite and 
A n k e rite ; Am, M in,, V. U3, P« 1210-12lLi.
L orenz, H. W., McMutrey, R. G ., and Swenson, H, A ,, 1956, Geology and 
O ccurrence of Ground Water in  th e  Townsend V alley : U. S, Geol.
Survey W ater Supply Paper I 36O-C,
M e rtie , J .  B , , F is c h e r , R. P . ,  and Hobbs, W, S . ,  1951, Geology o f the  
Canyon F e rry  Q uadrangle, Montana: U. S. G eol. Survey B u ll .  972.
P ardee , J .  T ., 192$, Geology and Groundwater Resources of Townsend 
V a lle y , Montana; U, S. G eol, Survey W ater Supply Paper 539.
P o ld e rv a a r t, A ., and H ess, H. H ., 1951, Pyroxenes in  the  C r y s ta l l iz a ­
t io n  o f B a s a l t ic  Magmas; Jo u r . G e o l., V. 59, p . U72-H89.
Smedes, H. W., 1955, Form and Mode of Emplacement of S i l l s  in  th e
E lkhorn M ountains, Montana; Am. M in ,, V, [|0, p . 336, ( a b s t r a c t ) .
61
